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Certains generall Advertiſements —_— 
»{e of this Inſtrument , together with t 
ſcription of ſuch Circles as are newly added 
thereto, ſerving for Navigation. 


Hen I penned the rales which hayebeen The fr# port 


We C4 formerly ſet out to ſhew the uſe ofthis 97 *9% Copter- 


7 Inftrument,1 was carefull ro-doc it with 
Fas much plaineneſſe and'perſpicuity, as 
2x might be in a ſubjet nor as yet obvious 
to vulgar knowledge, ſo that any one 
but moderately exerciſed in Arithmeticke and Geo- 
metrie, might (as [ conceived) apprehend the workes 
and praices-taught therein. © But fince certi- 
fied that ſome few ditficulries feeme, or tadeed rather 
are feared, tobe in tne manner of the delivery of theſe 
Rules: 1 'thoughei it would not bee impertinent, and a- 
lien from this preſent purpoſe, if ri thevery beginning 

I ſhall endeayour tooxplane ſuch doabts, for fatis- 
faRion of any that ul —— thercar, 
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* ions are not ſerdowne with their Numerator and 
& Denominator, as is uſuatly done; but art conteined 
« with the whole Numbers, as it were in one ſumme, 
« with a ſmall line only between them ro ſe- 
<« parate the parts from the Integers. And ſecondly,moſt 
* of the examples are nor athrge,butrthe ſum- 
* marie and finall reſolution thereof briefely intimated. 
The former of which two ſcreples ariſeth from the ig- 
norance of the true nature and manner of Decimal fra- 
ions : and the latrer, from want of rightly conſide- 
ring the Rules, whereby the. yalure of the number 
emergent or found out by proportion, ahd other A- 
rithmericall operatiens, is eſtimated : which are- thoſe 
that aredelivered in the ſecond and fifth Chapters of 
the firſt part of that booke, 


That wee may the better conceive the nature of De- 
e:mall frattions, let us imagine a line either ſtraight or 
circular, of any length, bee it a foot, ora yard, or one 
degree, or many ;_or elſe an houre, ora day, ot any o- 
(her, CONE. This being. conſidered in it ſelfe in- 
tire .anJ undivided isan Voite or one whole thing of 
thatkind, as one foot, one degree,” one houre , &c, 
Then imagine that Vnite or whole to bee divided 
ro go equall parts, that whole ſhallbee 10, Againe 
imagine every, one. of thoſe teath partes to bee ſub- 
divided into 10 : the whole ſhall bee 100, and each 
firſt diviſion ſhall. bee 10 : and theſe ſecond divi- 
ſions ſhall bee hundrerh; partes. - Thirdly , -imagine 
every one of. thoſe beadreth pattes ſubdivide in- 
ro 10; the, whole (hall bee-r000, and each firſt divi- 
ſion ſhall bee 100.:' arid each ſecond divifien hall bee 
voy w_ theſe third org ſhall bee:thiciifanth parts; 
© proceeding in this Decimall ſabdiviſion , you 

may in, your; ago divide: the Valte'or whole 
into t nth parts, and. f pies, 
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and millioneth parts, and ſo infinitely, And ſo thar 
ſegmene which inthe firſt diviſion was 10, 20, 30, &c. 
fhall in the ſecond diviſion bee 100, 200, 309, &c. and 
in the third diviſion 1000, 2000, 3000, 8&c. As for 


example, 


3 1-22. 0x: 202 os none and 2. 


30 | | -100  - 1090 19020 100 


$a 2. ad 372 © 37992 or 42:44. 


1000 1 6000 Ico00 10000 I 00000 


Hence followeth that you may encreaſe the Nume- 
ator of any Decimall fration by putting thereto as 
many cyphers or circles as you pleaſe without altering 
the quantity thereof, ſo that alſo you joyne ſo many cy- 
phers to the Denominator, 


Now therfore 4 Decimall fraltion © that which hath 
for hu Denominator the figure 1 with one or moe circles 
after it,as 10,100,1005,&c, And ſeeing the uſe of the 
Denominator ina fration is to ſhew into how many 
ſuch parts the whole or Vnite is divided : if other- 
wiſe by any convenient ii2ne the Denominator.may 
calily and certainely bee knowne by the Numerator 
onely, it will bee a necdeleſſe labour ſtill ro fer 
downe, 


The moſt fir and convenient ſigne to know the De- 
nominator ofa Degmall fration isby « /eparating Line, 
For if: thenumber mixed of integers xy parts be writ- 
renrogether in © neranke, witha ſmall retangular line 
drawne.next after. the :'Vnite place , off the 
parts from the Integers.: the nl SS Or 
places in the parts ſo cut off ſhall ſhew how many cir- 
des orcyphers are to bee ſet or 1 inthe Denomira- 
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tor. As for example, 390015 itall one with 3900% that 
is 37.0 Vnits, and ſixe tenth parts. ., Againe 370125 is 
all one. with 3705; , becaulT after the ſeparating lite 
follow two figures 06. Likewiſe $7,226 is all one 
with 375. , becauſe three figures 006 follow rhe 

ſeparating. line. Alſo 347225 1s all. one with 35235 . 
And©0137096 isall one with 43:24., that is no unite at 
all , but rhat fraction only. And 01937296 is all one 
with ,e25; , becauſe after the ſeparating line are ſixe 
placts of figurss 037006. By all which diverſities of 
placing the ſeparating line it is apparant that rhe num" 
ber of circles in the Denominator of any Decimal frattion 

wrſt bee equall to the number of places of fignres following 

the ſeparating lines 


W herfore though there be no Vnite, bur that it be 
a pure fraction, yet it will be convenient to note the Vaite 
place with a circle before the ſeparating Line ; that ſo 
the value of the fration, through the number of places 
therein may more plainely appeare. | 


And beſides that the ſetting of Decimall parts thus 
in-one line with the Integers, hath more concinnity 
and neatn« fe wirh it, rhen either with a Denominator, 
or by noting (as ſome have _ with ſmall figures 
the primes , ſeconds , thirds, and the reſt. Theſe fra- 
ions both mixt and pure are ready without any fur- 
ther redu&ion, for any Arithmericall operation, 


For in'eAddition and Sabdettion, the numbers gi- 
ven, being fitted together by their ſeparating lines , 
having” the like places or degrees fet under one ano- 
ther, each itheir owne file, may be added or ſubdy- 
ed in the very fame maniier as it they were all whole 
nambers. 


Ard in 1»ltiplicatien the numbers-given being mul- 
tiplyced 


" ner of whole numbers , rhe prc 
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riplyed one by the other, according to the uſuall man- 
& found cur ſhall 


' have ſomany ou of parts, as are in both the num- 


bers mulciplye 


' * Andin Diviſion the ordinary manner of whole num- 


' bers is tobeeuſed ; onely remembring that every ti- 


ure of the Quotient ſhall be of that degree, whereof 
that figure of the Dividend is, under which the Vnite 
place ſtanderh in the finding our of i, is. 


Thus have I with as much plaineneſſe and brevirie 
as peſſibly I could cleered the fir ft [crnple, by ſhewing the 
trye reaſon of Decimal frattions, | 

The ſecond conceiyed difficultic is for not ſettihg 
downe at large the operation of moſt of the Examples, 


| but onely of ſome few hereand there. 


It is true that in every worke Idoe not fay (as ſoine 
have done) bring that hither, or remove this thither ; 
But having firſt m_— the manner of working propor- 
tions upon the Inſtrument , and alſo delivered proper 
rules for particular queſtions, and wrought at the full 
ſumme of the hardeſt, 1 would not in every Example 


" ſhew thelike punAallinefſe, that neither I might blunt 
' the edge andinduftrie of the ingenious PraQticer with 
- too muich eaſinefle, northe Booke grow roan enormous 


bulke and greatnefle. 


That therefore the ftudious Reader may nor need 


| ſac} vert ofiy and r#dious inſtriftiggs, he is to be ad- 


4 
S 


yiſed oftentimes {and thar attentively) roperuſe the 


firs chapter of the fiſt pare , where The deſcripticn 
aud uſe # Ka (las (rele Fart declared & and alfo the 
fecond Chapter © 


cerning the working of propertivins, 
and 


& 
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"+ andof Afultiplication and Divifes : and therein thoſe 
foure Conftderations , or Rules for Suding ont the trac 
value of the fourth or emer gent number ſought for : And 
thereto the fifth Chaprer of the quadreting and Cu- 
bing of numbers. For in aſſigning a true itie nn- 
toche Emergent mamber lyeththe greateſt difficultic 
of this operation , eſpecially if the worke bce in the 
fourth Circle. 


In Signes and Taxgents it isnot altogether fo hard, 
becauſe all the reyotations or circuits of both areactu- 
ally ſet downe in ſeverall Circles. 


The Signes have two Circles, which in this »e ad- 
dirament x Navigation are theſe; The tenth Circle 
from about z 5 minutes, unto 6 Degrees ; and the Fir 
ſom 6 Degrees, to g0, the end of the Quadrant, 


The Tangents have foure Circles : namely the 

Ninth from about 35 minutes ro 6 Degrees. The 

| Second From 6 Degrees to 45. The Third from 45. 

Degreesto 84. And the Eighth from. 84 Degrees till 
abour 89. Degr, and 25 minutes. 


But the fowrch Circle being actually bat one, dothy 
potentially containe all Degrees and places both of [n- 
regers and Necimall parts. For the mine figures written 
in the ſpaces may fignify unites , or tennes, or hun- 
dreds, &c. or elſe tenth parts, or hundreth parts, or 
thouſanth parts, &c,. 


If any xwwber- be tabe conſtituted upon the foureb 
nk TT ES 
nine ceaint e ificant fignre 
— and among the fubdivifions thereof? 
mckon the rrus poyut ox ylaogo? Se namaber propeſed.. 
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Asif 2 were propoſed : ſeeke the figure 3 in the ſpaces, 
& upon that line (et one arme ofthe Index. Again if 375 
be propoſed: ſeeke the firſt figure 3 in the ſpaces : andin 
the ſubdiviſions from 3 towards 4 account 75 : and at 
the end thereof ſer one arme of the Index, Likewiſe 
if 0109: bee propoſed : becauſe the two Circles are not 
ſignificant, feeke the figure 9 in the ſpaces: and in the 
greater diviſions thereof from 9 towards 1 account 2, 
and there ſet onearme of the [ndex. 


If any r4tio bee propoſed to bee taken on the Inftru- 
ment : ſet the two armes of the Index upon the two 
termes of the ratio found onr, as wa' even now taught, 
Then confider the diſtance or arch betweene thoſe two 
termes, counting from the place of the Antecedent ta 
the place of the conſequent forward , or according to 
the order of the figures, if the antecedent terme bee 
lefle then the conſeqnent : Or elſe backward, contra- 
ry to the order of the figares, if the antecedent bee 
greater. 


This diſtance or arch betweene the places of the two 
termes in the Inftrament (which is alſo the aperevre 
of the armes of rhe Index) I may fitly call the 1»ftra- 
mentall difference : but it 1s n-'t evermore the read or 
true difference : which alſo is moſt needefilll to bee 
knowne. The rales whereofare theſe three. 


Firſt, if either the numbers given be of the ſame de- 
gree: Or if they difter bur one degres, and the /ine of 
the Radins fall berweene the places o* the two termes 
in the !nſtruinent : the /»ſtram. ntall difference ſhall allo 
be the true and ra), 


Secondly, :f the numbers given bee nor of the ſame 
degree, and the {52 »f the Rading fall uot betweene 
B the 
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the places of the two termes in the Inſtrument : looke 
how many degrees the numbers difter one from the 
other, ſo many whole circuits of the fourrh Circle ſhall 
bee added to the [»ftramentall difference to make the 


reall or true d ifference, . 


Thirdly, if the numbers given be not of the fame de- 
gree, and the /ine of the Radiuee doth fall betweene the 
places of the two termcs in the Inſtrument : looke 
how many degrees the numbers differ, ſo many whole 
circuics, wanting one, of the fourth Circle ſhall be added 
to the Inſtrumental difference to make the real. 


As in. example: 1fthe 4:49 of 375 to 2 be propofed:the 
ſame being taken upon the In{trument ; the rrne deffe- 
rence berweene them, over and above the arch orangle 
of aperture, ſhall bee two whole circuis, by the ſecond 
rule. And ifthe ratio of 375 to0,92 bepropoſed : the 
ſame being taken upon the Inſtrument ; the true dffe- 
rence betweene them, over an! above the arch or angle 
of aperture, ſhall, by the chird rule bee but three whole 
circuits, (alrhough the termes differ foure degrees) be- 
cauſe the /rne of the Rg4s talleth within that arch, rec- 
konius it from theantecedent arme to the conſequent 


backward. 


Againe, the. antecedent terme of any 7.2110 being gi- 
ven, together with the reall or trae difference (that is 
both the due aperture of the Index, and alſo thenum- 
ber of circuits) betweene the termes, and whether of 
the two bee the greater : it is alſo needefull ro know 
huw to eftimate the conſequent terme. The rules where- 
ofare theſe two. 


| Fourtbly, if the true difference bee lefſe thenonecir- 
cuit, and, the {ine of the Radiay fall not —— 
places 
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places of the two termes; the numbers areboth of the 
lame degree. Bur if che /inc of the Radins fall betwetu 
them they differ one degree, 


Fiftly, if thetrue difference centaine one or more cir- 
cuits, and the /ine of the Radius fall not berweene the 
places of the two termes ; the numbers diff:r ſo many 
deoreesas there are whole circuits. But if the /ine of the 
Radins fall betweene them they differ ene degree more 
then thereare whole circuits. 


As in example : Ifthe ratio of 375 to2 be propoſed : 
and alſo another antecedent 01292 : unto which a pros 
portionall conſequent is required tobe ſought. Becauſe 
the ire difference of ©9292 unto his conſequent in the In- 
ſtrument is equall to the rrwe difference of 375 to 2, 
thar is two whole circuits more then the aperture : and 
the antecedent 0,292 is greater then the conſequent 
{ought for : ſer the antecedent arme of the Index up- 
on 0,292, and rhe conſequent arme reckoning back e- 
ward, atthe fame aperture, will cut 454. But of what 
vallue or degree this fourth number 1s, is yet ucertaine. 
Now foraſinuch as the real! difference betweene the 
termes of the 74tto propoſed is two whole circles above 
the aperture,as was fhewed in the former example after 
thethird rule; And in this preſent poſition of the. In- 
dex the /ine of the Radines falleth not between the armes : 
the difference of degrees ſhall alfobcerwo, by the fifth 


rule. Wherefore the firſt figure of 494 ſhall bee two 


whole degrees backeward from the firſt ſignificant fi- 
gure of 0,292 that is 01299494 (viz) ſomewhat better 
then 49 hundred thouſand parts, 


Againe, if theratso of 375 toe,292 be propoſed : and 
alſo another antecedent 2 , unto which a proportionall 
conſequent is required to bee ſought. Becauſe the trxe 
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difference of 2 unto his conſequent in the Inſtrument, is 
equall rothe true difference of 375 to 0199? ; and the 
antecedent 2 is greater then the canſ{equent ſought for, 
Set the antecedent arme of the Index upon 2, and the 
conſequent arme reckoning backward at the faine aper- 
ture will cut 494 as before. Now foraſinuch as the re- 
all difference betweene the termes propoſed is three 
whole circuits above the aperture of the Index, as was 
ſhewed in the latter example after t!:e third rule, And 
in this p:eſent poſition of rhe In.lex the 4ne of the Ra- 
dirs falleth betweene the armes the difference of de- 

rees ſhall be one more then three, that is foure by the 
fth rule; wherefore the firſt figure of 49+ ſhall bee 
foure whole degrees back ward froin 2, thatis 0 pov49 4, 
I] will conclude this part, with a ſummary recapitula- 
tion of all the for nes rules into thee two branches, 


The termes of arati) being propoſed, to fird the real 
or true difference betweene their places mm the fourth car- 
cle of the inftr ument. I. Ifeither the numbers given 
be of the ſame degree : or elſe differ but one degree , the 
line of 1 falling be tweene them . they differ leſſe then 4 
carenite, Il. if the numbers bee not of the ſume deovee : 
they differ ſo many whole cirnts as they doe degrees, But 
et if the line of x fall betweene them : they arffer one car- 
cn leſſe. 


The antecedent terme of a ratio being given, together 
with the reall or true difference of the termes in the Inſtru« 
ment: to find out the conſequent terme, I. If there- 
all difference be leſſe then one circuit , and the line of 1 fall 
not betweene the places of the two termes; the numycrs 
are both of the ſame deoree, But if the line of 1 fall be- 
nwe-ne the places : they differ one degree, 11. If there- 
all difference comtaine one or moe carenits: the numbers 
differ ſo many degrees. as there are whale cients, But if 

| the 
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the line of 1 fal ' betweewe the places : they differ one de- 


gree more, 


Thus have I with as much perſpicuonſnefſe as Iam 
able, explained the generall m'es of working by this 
Intrument, which have beene 4clivere.l in the firſt, 
ſecond, and fifth Chapters of the fir ft par: : and exem- 
plifyed che documents with as hard cx2mples as any I 
could bethinke my ſelfe of: And now I ſuppoſe the 
folectious pratizer will bee able eaſily to finde out a 
fourch proportionall untoany three nembers given, and 
certainely to eſtimate the value thereof: ſo that now 
he will not be troubled for want of working the Que- 
ſtions at lar ge, 


For the uſe of Navigation are added two cireles, The 7eongpa t 
the ſixth and the ſeventh : and a ſmall alteration in the of this Chapter . 
fefth. For the fifth cxrcle is here divided alſo into 50 
parts: and is conceived to have two circuits, The firſt 
eiremt is unto 50: The ſecond crrentt from 5 oo unto 100. 
W herefore the fignres are doubly noted: on the neerer 
fide of the long lines of tenth diviſions are ſet 10, 20, 3o, 
40, 50, for the firſt cirexit : And on the further fide of 
thoſe lines are ſer 60, 7®, 80,9.), forthe /econd carcmut, 
And the ten ſubdivitions in every one of thoſe 50 parts 
are the Decimal! parts thereof, 


The fxth and{eventh circles are divided into degrees: 
and every degree into ten parts, containing 6 miautes, 

or rather 10 hundreth parts a piece, The fixth cirele 
hath rhe degr ces unto 4415 : : and the ſeventh circle hath 
from 44,5 unto 70. And theſe degrees ſerve for ſo ma- 
ny ſeverall Latitndes , or Elevations of the Pile, 


The manner of uſing theſe circles is double. Firſt, 
Two Latundes berg gvoen um the (ume Hemiſphere , that 
| B 3 ry 
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it both Northerne , or both Sontherne, to find the ſumme o f 
all the Secants betweene them, Set one arme of the Index 
npon one Latitude and the other arme upon the other ; 
then remove thearme that ſtood npon the /efſer Lati. 
tude unto the line of the Radins : and the other arme 
with the ſame opening, ſhall in the fifth circle give the 
number of Secants betweene the two Latitudes propoſed, 
As if the number of Secants betweene theſe twe hcights 
of the Pole 48,3 and 5617 bee deſired. Set one arme 
ofthe Index upon 48,3 and the other arme upon 5617 : 
then remove that arme that ſtoood upon 4813 unto the 
line of the Radins : and the other arme with the fame 
opening, ſhallin the /fth ercle give 131%53 , the nam- 
ber of Secants betweene the two Latituaes jropoſed, 


Secondly , The ſumme of all the Secants between tw 
Latitud:s inthe ſame Hemiſphere being given , together 
with one of the Latitwdes, to find the other Latitude, Sct 
one arme of the Index on the /ine of the Radins , and 
open the other arme unto the /umme of Secants give; 
(inthe fifth circle) : then remove thearme that ſtood 
on the lire of the Raduu tothe Latitude given, if it be 
the /eſſer : or if the Latitude given be the greater , re- 
move that arme that ſtood at the end of the ſumme of 
the Secants , unto that greater Latitude : and the other 
arme a: the ſame opening ſhall give the other Latirnde. 
As if there begiven 131553 the ſwumm: of Secants from 
the Latirmle of 48:2: tothe Pole-ward : Set one of rhe 
armes of the Index on the /ine of the Radius , and the 0- 
ther arme at 131853 in rhe fifth circle. Then remove 
the arme that ſtood at the /ive of the Radins , unto the 
Latitnde 4813 : 'and the other arme, at the ſame ope? 
ning ſhall point to 5657 the degrees of the other Latitude 
ſought for, Againe, if the ſame ſamme of Secants 13,853 , 
with the greater Latitude 56,7 degrees, begiven : ſet 
one of the armes of the Index on the /ine of the Rading, 


and 


wc «a -» ww DK ' 


_— ——Y P—_ — KS SE a S— 


Of Navigation. 


— — — — — _——_ 


and the other arme at 1 3:#53 in the fifth circle, Then re- 
move the arme thar ſtood ar 131*52 , unto 5677 deg : 
the greater Latitude , and the other arme, atthe ſame 
opening ſhall ent 48,3 deg: which is the /eſſer Latiznde 
fought for. | | 


And if the tws Latitndes be in the ſeverall Hemiſphares, 
that # one Northerne and the other Southerne, the manner 
of working differeth in «felt but little from the former, ts 
if the /wmme of the Secants betweene theſe two heights 
of the Pole, viz.65 on the North fide of the /£quino- 
thall, and 1314 on the Sorth ſide bee deſired. Set one 
arme of the Index on the line of the Kadirs , and the 0- 
ther arme on either of the Latitudes grven, ſuppoſe on 61+ , 
Then bring that arme on 6,5 unto the line of the Radins : 
and where the other arme, at that opening, chanceth to 
light, there hold ir faſt : and open the arme thar ſtan- 
deth on the /me of the Radins , anto the other Latitude 
x34. Afterward bring che arme that ſtood on the for- 
mer Latitnde 6:5 unto the line of the Radins , and the 
other arme, at the fame openiag, ſhall in the fifth circle 
cur 201937 , the ſumme of Secants ſought for, 


Laſtly, the ſumme of all the Secants betweene two La- 
titndes, of which one # on the North ſide of the «AEq uino- 
thall, and the other on the South ſide, being given ; toge- 
ther with one of the Latitudes, to find the other Latitude : 
As if the ſwmme of the Secants be 20,037 and the Lati- 
tude degr : 615 , Set one of the armes of the Index atrhe 
line of the radius: & openthe other arme unto 20,047 in the 
fift circle : & keeping the fame aperture, bring the arme 
that ſlood on the line of the radius unto the latitude 6,5 : 
and the other arme ſhail ſhew 1314 , the other Latirade 


ſought for, 


Or elſe peradventure you may more eafily find out the 
Cammlled .. See af ter evra . Amme 
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ſmmme of the Secants betweene any two Latitwaes given, 
thus: Set the edge of the index upon one of the Lars- 
tudes: and looke what diviſion it curterh in the fi/th 
circle : keepe it in minde. Againe, ſet the edge ct the 
Index upon one of the Latrrud 5 : and locke whar di- 
viſion it cutteth in the fifth circle : keepe rhat in mind 
alſo. Theſe two numbers kept in wind are the ſmmmes of 
the Secants for the two Latitudes grven: Andatretobe 
ſubdutted one out of the other , if the Latundes are both 
in the ſame —_— : or elſe tobe added togetber, if the 
Latitndes are in drverſe Hemiſpheres, 


Alſo inlike manner, The ſuwme of the Secants and 
oxe of the Latitudes being grven, you may find out the 0- 
ther Latitude thus : Set the edge of the [ndexupon the 
Latitude given; and looke whar diviſion it cutteth in 
the fifth circle, To this number adqe the [umme of the 
Secants, if the leſſer of the two Latitudes be given : Or 
elſe out of it ſubdutt the ſumme of the Secants , if the 
greater of the two Latitudes be given, But it the rwo La- 
titudes are in the contrary Hemiſphercs, the number found 
in the fifth circle is to be ſubdued out of the [umme of 
the Secants, And fo ſhall you have the other Latitude, 
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CHAP. JI. 


Of the Latitude, and Longitude of places ow 
general : and of keepins the, ggcaunt of 
$1me at Sed, | 


2- He care and skill of the perfetSea-man bs ts 
guide the ſhip at ſea unto any port that ſhal 
be deſired : which cannot be done unlefle 
he bee able to find out in i» what place the 
ſorp us at any time, 


The place of the ſhip at [ea is eſtimated and underſtood 
by comparing it with any knowne place : that is how much 
the ſame is ſituated from the place, where the Ship is, euther 
toward the North or South, which # called the difference of 
Latitude : or elſe toward the Eaft or Weſt, which is called 
the difference of Longitude, For itbeing once knowne 
how farre any place upen the Globe of the carth is wide 
of the «/Equinottiall unto either Pole : and alſo how farre 
the Meridian of the fame « diſtant from the Meridian 
of any knowne place: the true ſituation thereof is aid 
to be had, 


The Latitude or diſtance of the place wherein the 
Ship is from the AquinoGtiall (which is all one with' 
the height of the Pole there) «taken by obſervation of| 
the Meridionall altirede, either of the Gr by day, or 
of any Starre by night: asis not unknowne toalmoſt 
every common Mariner : Or alfo by the 47 propoſition 
of the x2 Chapter of the firſt Part. And therefore be- 
= vulgarly knowre, and taught of moſt that write 
of Navigation, ! ſhall not need to ſpend time about it : 

C Eſpeci- 
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2 Eſpecially my intent here being to teach the wſe of my In- 
ftrument only in tracing the Ships courſe, 


The Longitude of the place wherein the Ship is, that 
is the Eafterly or Weſterly diſtance of the Ship from 
the place whence the Voyage began, is the difficultie, 
and Maſfter-piece of Nguticall ſcience: W hich hath ſer 
on worke the wits and inventions of many men , pro- 


eccding therein on diverſe grounds, | 


* s. £7 


For ſome have laboured to find the reaſon thereof by 
the variation of the Magnericall needle , ſuppoſing cer- 
taine Poles or points, unto which the ends of the needle 
doth in all places exatly reſpe&t. Bur beſides-that the 
Meridian uu difficultly to be had with fafficient preciſe- 
neſle, eſpecially at Sea, where the ebiefeſt uſe of Longitude 
& : the conceipt is only imaginary, witbour the warrant 
* of any natural! principle 


Some conſidering .the f wifnefſe of the motion of the 
Moone, which is-every day above 13 degrees, have ſap- 
poſed that either by the ere place of the Aocone, to be ob- 
ſerved by exat Inſtruments ; or elſe by the: moment of 
the *Alooxes comming imtothe Meridian, the Longitude 
might bee obtained. But neither the ere motion of the 
* Aloone #« ſo exattly knowne, nor obſervation can at Sea bae 
/o preciſely made,that any cerraine truth in {0 /wbrile a ba- 
fineſſe may be argued thereby. 


Some have thonght to obſerve the Zongitnde with 
automata Or artificiall morions of long continuance : 
* but not without great errou1 and hallucination. 


Some by Sand- glaſſes, or Waterglaſſes : but both ob- 
noxious to the diverſe alterations and temperatures of 
theaire and climate wherein they are, eſpecially that of 
Uno ph | ſand 
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ſand, The other by water is more probeble : wherein [ 
fould, in my judgement, preferre ſome chywecall fpirit 
or liquor : becauſe it is not ſo ſubject to the impreſſion 
ofthe aire, And that there ſhould be three g/afſes uſed, 
one to runne, and two to reccive- fitcceſfively : That 
whichrunneth to be open above, to poure in the liquor, 
and to let in theaire, that the iflue of the water be not 
hindred for want of aire to fipply the vacuitie : The 
receivers to be cylindricall, with markes ſer on che out- 
fide diſtinguiſhing houres and parts : and that there bee 
ewo of them, that when the liquor iscome to the juſt 
height, another may inſtantly bee ſubſtitured, without 
loſſe of any liquor or time. This manner of obſerving the 
time is, in my opinion, the moſt likely of any that 1 
know inuſe ro conduce tothe atraining of the difference 
of Longitndes of places. For by this mcanes the erme 
time in the place where the account beganne being 
knowne ; and the !:me by 0b/ervation of T Yunne or 
ſome Starre in the place, whither the Ship is come, being 
found ; the difference of thoſe times reſolved into de- 
grees of the Aquinottiall will ſhew the difference of 
Longitude betweene the place of beginning the account, 
and the place where the Ship is, Eaftward, if the excefle 
be of thetime inthe former place : or Weſtward, if the 
excefle be of the time in the preſent place of the Ship. 


” edits 


And in this manner of keeping the reckgning of Longi- 
tade it will bee expedient to make as frequent ob/ervati- 
ons as the ſerenity of rhe skye will permit : : that there- 
by your account may the rather bec: freed from ſuch 
ſubreptious errours , which elſe will bee very in- 


cident. | 


This or any ſuch way of keeping the time, which 
fhall by experience bee found moſt certaine (untill ic 
ſhall pleaſe God to open a more naturall and proper” 
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Of Navigation: 


way for the diſcovery of Lovgitnde ) I would adviſt 
were carefully , and with a kind as it were of religious 
diligence praiſed in, all, ſpecially long voyages ; and 
that in compuring 'and tracing. the cour/e of the Ship by 
the Compaſſe and log-/ine, it alſo together with, the 
Latitude obſerved be Aiſcreetly called into confultation. 


_— —_ Mn — 
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of the Mariners Compaſle, and Riimbes 
or points thertof: andof finding the 
circuit of the carth in milcs. 


yy Here be forre things therfore whereof a Sea- 
So 14% ſhould be moſt carefull (> crcumpett, 
that he may happily with proſperous ſuc- 
cefſe anda good conſcience performe | is 
@ intended _— : Firſt the angle of in- 
SE eltnation with the Aeridian, on which the 
Ship wuaheth her comrſe : which angle i direlted by the 
Compuſſt: and is commonly called the Reymbe or poyne 
of the Compaſſe. For the ordinary Mariners (by a rude 
and groffe divifion of the Horizox into 32 parts) obſerve 
32 points,, whereof fonre are cardinall ;_ other foure 
halfe points ;* eight are quarter points ; and (ixteeneare 
by points, Others more curiouſly divide each. point into 
fours patts making ih all 128, which they denominateby 
a quarter, an'tialfe, - rh ren of a point. A point 
containerh degr-"1 14, that isdegr: 18,min : 15,or degr: 
11485 : and a qwarter of « point therfore u degy : 277. , that 
is degr : 2, min : 48175, or degr-e 218125, By the conti- 
nualladditiort 6f whichwumber this /able of Rambes en-- 
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The ſecond is the meaſure of the Ships way on the 
Rambe or point , which is ordinarily reckoned in nys/es ; 
ſuppo ſing 4 mile on earth to anſwer to a minute of 4 de- 
gree ; and that 60 miles ow a great Circle give the iſfe 
rence of one whole degree. Burt I rather reckon the wa 
of the Ship in handreth parts of a degree, and have framed 
my rules of Navigation thereto : becauſe this hath a 
more eaſy and convenient calculation then that by ſexa- 
geſme parts: and as I beleeve (for fo I would hayejt) - 
will hereafter grow into publike uſe. This meaſare or - 
quantity of the Ships way #2 found by the Log g-line and{ mi« 


nute-gla EC, 


The cther two are,, The obſervation of Latitude 
4s oft as it may be for the weather : and the keeping 
of time : Ot both which I ſpake ſufficient for - my 
purpoſe in the former chapter. The two former , - 
that is the Rumbe and way of the Ship, more properly 
fall within my prefent conſideration. For theſe are the 
continuall companions and faithfull guides of the Sea-max, 
which muſt dire him ſtillin ſhaping his courſe : unt@ 
rheſc therefore hee muſt applie his ſtudie , and acquaint 
himſelfe moſt famuliarly with them. 


And firſt for his compafſe he muſt be carefull or rather 
ſcrupulous thar it be exat#ly made , and not bungledup, as 
thoſe uſually are, which are made for fale: bur thar 
they be framed by ſome $killfull and conſcionable Arti- 
ficer. The manifold cautions which ate fit to bee had 
therein, are very gravely advertiſed by that reverend - 
Divine and learned CMathematician 1 Maſter Willian 
Barlow in his Navigators ſupply neerethe beginning. ' 


Ard as heis in the making of his compeſſe to ſhew his 
care, {0 erp Fm the «ſing thereof he muſt exerciſe all _ 
snduftrie and di/igence, that the comrſe be ſteered aright, 
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and kept to the juft point or Rumbe : and not to commit 
his owne and all his companies fafety, and the good ſuc- 
cefle of the voyage to the negligense of a looſe and idle 
Steeresman: whereby it cannor be but that theaccontof 
the Ship ſhall be much confounded,and made uncertaine, 


Againe for meaſuring of the quantity of the ſhips way, 
It muſt firſt be knowne how many Engliſh feet of 12 inches 
- fo the foot, anſwer to one degree of © great circle mpon the 
earth, For if this be enormouſly i ir cannot bee 
that the computation of the hips courſe ſhall agree 
with the obſervations : but mult needes make a maine 
difference, to the amazement of the Sea-man , and the 
caſting of the whole Ship and company into unforeſeenc 
dangers. 


Now an Engliſh mile by ſkatmte us the length of 8 ſur- 
longs: and every furlong u 40 perches : and 4 perch #4 
feer 16* : fo: that by this reckoning 4 mile containerh 
5 280 feet in length : thou;h it be #/#ally taken, or rather 
miſtaken , that 6o of ſuch miles make a degree (which 
would: bee very ſtrange, that our Engliſh mile drawne 
from Barley cornes ſhould fo happily fall out co*an- 
{wer to one minute) yet the trurh is that above 66 of 
our miles anſwer to a degree, as by the obſervations of the- 
moſt diligent enquirers is found our : ſo that in voyding 
of every ten degrees above one degree is loſt : which is 
a maine enormity, But of this enquicie it will got bee 
amiſſe from our purpoſe if we ſhall a lictle diſcou. ſe, 


Diverſe wayes by diverſe Artiſts have beene practiſed 
for finaing out the true compaſſe of the earth : And I know 
not whether any have given full fatisfaQtion therein : but 
either the' grounds rhey have wronght on have beene #n- 
oertaine ; orthe diſtances of the places of obſervation tos 
ſhort ; or the dillzgence of the pow to bee ſuſpeted, 
That way which 14 by the height 


of an bill, and 4 1angens 
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line from thence to the {operfiier.af the ſea, is cather a 
phantaſie, thena thing © _— formance. , For nej- 
ther the perpendicafarh ight of tt hill aboyecbelevel! 
of the water can 'with any certainty bee'obtay ed ; nor 
facha rangent'line by reaſon of the refrattion of, the va- 
pos continually rifing out of the ſea can be eſtimated, 


But it would for the perfo1 mance hereof be an exce!: 
lent worke, if the height of the Pole at two townes of the 
Land, diſtant Nor11-ward one from the other ſome ſcores, 
or rather hundreds of miles, being with Inſtruments of ſwf- 
ficient magnitude by ſome learned Artiſts exatHy obſerved. 
there were alſo imployed certaine chilfull rb! ac (ach 
as are indeed lovers of art and truth ) to take the true di- 
ſtances and poſitions from place toplace betweene the ſaid 
townes, W hich ſurvey 1 could wiſh were male with 
good plaine tables, and with the fame ſcale, which ſhould 
not bel«e then a foot by ſtandard for io miles and that 
theſe meaſures of a foot according to a ſtandard were all 
made in braſſe by the ſame Workman : and their chaines 
exatly fitted thereto: and that the mcafare bee taken 
not along the High-wayes, bur by fide ſtations where 
Steeples and other places eminent and of note may bee 
ſeene, If the two townes of the obſervations were 
Londonand Edenborowgh, it would be preciſencfle ſuffi- 
cient : nay if they were bur London and Cambridge, it 
would yield a greater certainty then any that I know 
hath yet beene uſed. This I fay were an excellent work, 
and worthy the heroicall magnificence of fome great 
man : and yet not of any very chargeable performance : 
but it would bring a marveilous light and furtherance to 
Navigation and untoall Aſtronomie, . 


In the meanetime till it ſhall pleaſe God toſkirreup 
ſome truely noble ſpirit for the effeAing thereof, I will 
make bold to propoſe « way , which any ingenicus ftu- 
dent, whoſe ſight both of bis eyes and underftanding is 
| quicke 
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quicke and perſpicacions , may himſelfe privately with 
wrch facility praftiſe : the reaſon whereof conſiſteth 
upon theſe three principles, 

The. is, that if with a levelling Inſtrument [et up in any 
place paraltel to the Horizm a man take a true level unto 
another place : the viſuall line by which he levelled, ſhall be 
4 tangent toſuch an arch of a great circle on the earth, as 14 
Contained betmeene the ſtation and the marks : Becauſe that 
the viſual line,togetber with the rwo [ines 11agined, ont of 
the center of the earth, doe incli:ds a rioht angled Triansle, 
having the rioht angle at the level, ” 1 

The II. is,that if the ſame Inſtrument be ſet j1f} even with 
the former mark, and y:u level! backward to the ſoyrmer fta- 
tion, thit laſt viſriall line ſhall overſhoot the former place of 
the Inſtrument : and ſhall incloſe a new ana greater rivht- 
angled triangle, haning the rioht angle at the| econd ſtation, 

The II}, is,that the former of the two viſual lines ſpall cny 
this latter and greater right-angled rian;le into two right 
angled triangles like to ut [elf 
and one like to the other : by 
the 8 prop : of the 6 book of Ext 
clide. As in the ſcheme, the 
center of the earth is C, the 
firſt place or ftation of the 

levelling inſtrument is A,and 
the viſuall line thence is A B 
to the marke B, which is al- | / 
{o the place of the inſtramer Ei 
n the feccnd ſtation, from I 
whence the viſual! line Fack- * 
ward is B D, over-rcaching 
the firſt place A. Here are 
3 like right-angled triangles, 
namely the greateſt C B D, j& 

cut into two other C A B, 

and BAD, with the line AB, 

W herforc AB. AD :: AC, AB: that j5;45 the diſtance 
D be- 
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between the two Stations (for by reaſon of the vaſt great. 
neſſ: of the earth, and the exceeding ſmall diſtance be. 
tweene the two ſtations in compariton thereof, the vi. 
ſuall line AB ſhall be the ſame with the ground line AE) 
i4 to the over-ſhooting of the ſecond line of level; [o us the 
Radins to the tangent of the rch AE, entercepted be. 
tweene the two ſtations, The quantity of which arch be- 
ing ſought out in the Canon of tangents, either in /ex2- 
geſime Or Decimall parts of a degree, fay againe, «A the 
ſame arch in ſexageſime or Decimall parts of a degree 1; 
wnto a degree un the like parts ; ſou the diſtance betweenc 
the two ſtations in feet, to the number of feet anſwering tg 
a degree upon the earth. As for example , ſuppoſe che 
diſtance between the two ſtations to be 5 28 feet, which 
is the tenth part of a mile : and that the ſecond line of 
levell over-ſhooteth the former ;%. of a foote ; or 
09138 , which you ſhall fade. will bee neere about the 
matter, Say, 
g28 . 012133 : : 100000,0) , 2,61 : the tangent 
of the arch Min , 029+ 
Say againe, 
005+. 69 5: 528 . 351120 ; the number of fect 


anſwering to a degree upon the earth, 


Thus have ſer downe the rule,and illuſtrated ir with 
an example. Bur in the practiſe (by reaſon of the weake- 
nefſe of our fighr, notableto diſcernea thing: diftinRtiy 
at any great diſtance, we are conſtrained to take bur ſhort 
ſtations , whereby the over-ſhooting of the ſecond line 
of levell above the firſt is but very ſmall) there is re- 
quired great preciſenefſe, For the performance where- 
of it willnot bee amiſſe toſer downe ſome diretions, 
both concerning the Inſtrument, place, and time, 


The /evelling Infrument to be uſed in this worke, 1 
would not have to bee either with achannet for water ; 
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nor with ſights. For the water, beſides that it doth con- 
tinually exhale vaponrs, hath a certaine tenacity, whereby 
10 avojd any dryneſſe necre to it, it will rather collet? ie 
felfe, and ftandin a heape, then mixe with its enemy : 
... and contrariwiſe very gladly d:ffuſeth it ſelfe in purſue 
" of any meyſture. Andas for Sights, if the fight-hole be vo 
ry ſmall, st hindreth onr ſeeing : it any whit carge, it ad- 
miteth too many viſiverayes ; which dilating themſelves 
cannot fixe on the true and individual point of the abjett. 
But I would have it onely with a /edge, « ne inch thicke, 
and three inches broad : and ſo broad alſo I would have 
a blacke flroke to be in a (quare wh ite board, tor the marke 
to levell at, that having ſet the ledge of the Inftrument 
by the plambe-line parallel to the Horizon in one ſtation, 
you ſtanding aloofe oft, and guiding your eye along the 
twoedges of the ledge, and your companion at the other 
ſtation rayſing up or letting downe the marke-bowrd, as 
you ſhall dire&t him, you may ſee the upper line of the 
blacke ſtroke levell with the upper edge, and the lower 
line levell with the lower edge. 


I O— 


The place for the tryall of thy experiment, would have 
to be « plaine field, wherein you are to have for your uſe 
ready meaſured our by the foot, diretly Eaſt and Weſt, 
ſuch a diſtance, as you can diſcerne diftinatly thereat : 
which toa good and perfect ſight may be 1000 feer, or 
to an indifferent fight 528 feer,which u the tenth part of a 
mile, And atboth ends of that diſtance (which are to 
be your ſtations) the ground ro be hand/omely plained and 
_—_ for the more exaGt ſetting up of your Inſtruments 
thereon. 


The tie for making your obſervation I would have 
about HMid/ummer, in a ſeaſonable, conflant, drye, and 
calme weather : when, having ſer up your levelling In- 
ſtrument in the Eaſterwe ſtariov, you may take your firſt 

D 2 levell 
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levell about eleven s clocks tn the forenoone, Which be- 
ing done, you may remove your Inſtrument to the 
Weſterne ſtation , and about one a clocke in the after- 
»eone (when the Sun is gone ſo farre paſt the Meridian) 
take your backe levell, 


 Theſeare the moſt neceſſary and accnrate cantions that 
I candevile : and all little enough for ſo cariousand ſab- 
till an inquiry. I have alſo here ſet downe the formesof 
the levelling Inſtrument and of the marke, 
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T be manner how to meaſure the Ships way ; A 
or how many degrees,aud parts of a degree, 
either cemteſimes, or ſexageſimes, the Ship 
moveth in one houre, or in any ſpace of 
time aſugned, And alſs of certaine ne- 


ceſſary reductions. 


yg Ec ſhall therefore come neere the matter it 
wee take miles 66;, that is 349$CO feete to 
P anſwer to a degree upon the earth, 


> Now becauſe the meaſwre of the Ships 
motion or way is obſerved by the watck-glaſſe and Log-line: 
letus for brevity ſake call the number of /econds (whereof 
there are 3600 in an houre) which the Warch-glaſſe r1n- 
eth, by the letter G : and the wwmbey of feet vered in the 
Logg-line while the #laſfſe « running , by the letter F, 
W hich grounds being thus layed, wee may find out 4 
rule to know how many hundreth parts of a degree the Ship 
fayleth in one howre ; after this manner, 


SayG.,F:: 3600, 36007 


: ſo many feet gone inun houre 


34600 360000F : 
G * 349800G 
Or by redx{tion into parts having the Denominater one 


,.. 1C2.F 
Vote ——:3 whichare ſo many cexte/imes of 4 degree 


Say againe 349800 , 100 :: 


one 58 an heur f, 
Hence ariſeth this general rale fer Centeſimes, 
—__ * on 
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As the number of ſeconds in the Watch-glafſe, is 
tothe number of feet vered in the Log-line : 
So is 11929» 
to the number of hundreth parts of a degree, 
which the Ship runneth in one whole houre, 


But to know how many minutes of adegree the Ship 
ſayleth in one howre : Say againe 
3600F 216060F 


— » , O | 
"= r by redattion 


349800 , 60:: 


: , . , ©,6175F 
into parts having the Denominator one Vnite ——=-: 


whichare ſo many ſexageſimes of a degree gon in an hagre. 
Hence alſoariſeth this general rule for [exageſmes, 


Asthe,namber of ſeconds in the watch-glafle, is: 
he number of tcet vered in the Log-line : 

So 1s 015175 , 
to the number of minutes of a degree fayled in 
one houre, 


Theſe two numbers 11929 and 0,5175 (or whether of 
them you meane to follow) being of moſt frequent, and 
indeed continuall uſe, it were fit tonote in the fourth 
circle of your Inſtrument with ſome apparant marke : 
that you may not be ſti!l ſearching them out, when you 
have occaſion tonſe either of them. 


And after this very manner you may find a generall 
rule for any other number of feet contained in a degree 
upon earth, both for the Decimall parts of a degree, and 
alſo- for the Sexageſimes wherein orely -the third 
rermes in every of the ſecond proportions will bee 


changed. 
Becaufe 
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Becauſe the re finding ont of the way, which the Ship 
maketh in an houre, eſtimated in the parts of a degree, 14 
the maine ground and principle, by which the place of hey 
being both for longitude and latitude it argued and compu- 
ted : 1 will ſet Jowne the prattice thereof at large i» two 
Examples : the firſt for centeſimes of a degyee: and the 
ſecond for ſexageſimer: . 


Example 1. Suppoſe the Watch-glaſſe to containe 
40 ſec: and that in the running out thereof the Ship 
hath gone 175 fcete by the Log-line. The rule is, As 
40. to 175 : ſOis 19923 to the number of hundrerh parts 
of adegree fought. Ser therefore the antecedent arme 


. of the Index on 40 in the fourth circle, taking the fign- 


red diviſions 1, 3, 3, &c. for ſo many tens : and open the 
other arme unto 175 , taking the ſame diviſions for (0 
many hundreds : the diſtance betweene the arme; will be 
aoove halfe that circle, Then remove the antecedent 
armeunto the third terme 11292, raking the ſame divi i- 
ons for ſo many unices : and the conſequent arme ſhall 
point at 45, which ſhall be 4 centeſimes and a halfe, or 
45 thouſanth parts of a degree, (21x) degr : 01245» 1n the 
ſame circnt of that circle : becauſe rhe diſtance trom 40 
to 175 outreacheth not the line of I: Wherefore the 
Ship ar that ſwiftneſſe ſhall goe in an houre degr : 01945, 
W hich in ſexagelimes will be found ro be Min: 27 , © 


Example 1T, Suppoſe the ſame watch-glafſe of 40 ſec: 
and that in the running our thereof the Ship kath gone 
512 feet. The rule is, As 40 is to 582 : ſois 0j5175, to the 
number of ſexageſimes or minutes of a degree ſought, 
Set therefore the antecedent arme at 40, and the other 
at 512: the diſtance betweene them exccedeth one 
whole circuit, Then remove the antecedent arme to 
the third terme 015175 * and the conſequent arme ſhall 
point out 7902 : which becauſe the diſtance exceeded 
one 
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one circuit ſhall bee Min: 91202: Which in centeſimes 


would have becne degr : 01+ 317- 


The proportion of the Ships ſapling for one howre being 
thus given cither in centeſimes or ſexagefimes of ade- 
gree : multiply the fame by the whole time of the con- 
pnuance at the ame ſwiftneſſe reckoned in houres and 
Decimall parts of houres : and the produt ſhall give the 
whole way the Ship hath made, either in degrees or mi- 
nutes accordingly. As for Example ; If the Ship fayling 
after degr : 01245 inan houre, continue ſo for Ho. 29, 
Min : 37, thatis Ho: 29157 : Multiply 29.617 by or4s, 
and the produdt hall bee degr : 11333, the whole way 
that the Ship hath made. Or ifthe Ship for ſo long con- 
tinuance hath fayled after Min : 27 in an houre: Multi- 

ly 29157 by 27” and you ſhall have Min: 719966, which 
ing diuided by 60, will give degr : 11333, as before, 


Now follow certaiye reduttions, which are of frequent 
ule, I. Toconvert degrees or houres inte Minutes, is to 
multiply them by 60, And #9 convert thew into ſeconds, 
is to multiy them by 3600, And contrariwile, 

II. Toreduce minntes into degrees or howeyr, iste di- 
vide the minutes by 60. And to reduce ſeconds into degrees 
or houres, is to divide them by 3600. 

Il. To gonvert minutes of degrees or hanres wnto 6en- 
teſwes or hundreth parts : Say, As 60, isto r00 : ſois 
the number of minutes, to the number of hundreth 

cs. 

[1IL. To reduee centefimes of degrees or howres into 
mingtes : Say, As 100, ist0 60: ſo 1s the number ofcen- 
tefimes or hundreth parts, to the number of minutes, 
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Cnay, V. 


The divifion of ſayling into circular and ſpiral, 
Tno fundamenall theerems, Of ſayling k 
by one of the fours Cardinall Rumbes : and 
certaine Queſtions belonging therets, 


He motion of the Ship npon a Rnmbe ut e4- 
ther circular , or winding with a kind of 
ſpirall lie, If the ſhip faile upon one of 
the fowre cardinal! points, it deſcribeth a 
circle: which is either a great circle or 
lefler, according a+ the circie of the hea- 
vers is, under which it moveth, For if the Ship faileth 
diretly North or Soxth under ſome Meridian, or di- 
realy Eaſt or Weſt under the e/£quinottiall, ir deſcriberh 
by the motion thereof an arch of a great circle. Burt if it 
faile diretly Eaſt or Weſt wide of the «/£quinottiall on 
either ſide, it deſcriberha lefler circle, according as the 

parallel in the heavens is, under which it moveth; 


«All great circles areequall one to another, and have 
equall degreeg:but the parallels are greater or leſſer one then 
another ; and conſequently have greater or leſſer degrees, 
4s every one is neever or farther diſtant from the e/Equi- 
wottiall, And becauſe in computing the motion of the 
ſhip we ſhall have continuall occaſion to ſpeake of de- 
grees both of the greater and [:ſſer circles, let this be adver- 
tiſed, that as oftas I ſhall mention 1»# Degrees, I under- 
ſtand the incaſure of ſo many degrees of agreat circle; 
elſe ſpeaking of lefſer degrees, I call rhem proper degrees 
of ſuch a parallel, | 


Theſe two proportions following are the —_ 
E 14 


_ 


m 


ſtration, 


Theor, 1, As the Radae, is 
tothe ſine of the complement of the parallel : 
Sois an arch of the Zquinotall in /»ft Degrees, 
to the number of «ſt Degrees contained in a like 
arch of the ſame parallel, 


Theor, 11, Asthe fine of the; complement of the 
parallel, is ro the Radius: Or 
As the Radius, is 
to the ſecant of the parallel : 
So is the namber of [ft Degrees contained in an arch 
of the ame parallel, 
to a likearch of the Aquinotiall, 


If a Ship ſatle wnder a Meridian , that is upon the 
North or Sonth Rambe , it varyeth not the /ongerude ar 
all: but onely changeth the Larirzde : and thar juſt (o 
much as the number gf degrees it hath rmmne 1n thaz 
whole time amounteth unto,, whichnumber is to be ad- 
ded to the latitude ofthe place, where the account began, 
if you have ſayled from the ZquinoQiall-ward towards 
either Pole : Or elſe to be fubduted our of the latitude 
of that place,ifyou have fayled towards the &quinottiall, 


Againe if the Ship ſayle under the e/Equinotiall upon 
the very line it ſelfe Eaftward or Weſtward : it varieth not 
the Latitude at all : but only changeth the Longirmae : 
and that juſt ſo much as the number of degrees it hath 
runne in that whole time amounteth unto. W hich nam- 


ber is to be added to, or ſabduted from the m—_—_— 
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of the place wherein you beganne your account, accors 
ding as you have fayled Eaft or Weſt. 


And thirdly if the Ship ſayle direttly Eaſt or Weſt un- 
der any parallel circle , that is upon the Eaſt or Weſt 
Rumbe, be it in the Northerne or Southern Hemiſphzre, 
it there alſo changeth not the Lerirwde ar all, bur only tit 
Longitude: yetnot according tothe number c F Inſt De- 
grees it hath gone, asunder the Aquinotiall : but more 
then ſo many, according as the propor. ion is betweene 
that parallel and the AquinoQiall. For the lefler every 
parallel is, the greater muſt needes bee the difference 
of the Longitude in fayling fo many /#ft Degrees 
under it. 


| Oueſt: T. By the way of a Ship pon a parallel being 
givenin Juft Degrees, to finde how many degrees the 
Longuude is varyed. 


This is done at one operation by Theor : 1, 


As the ſine of the complement of the parallel, is 
to the Rading : 

So is the way of the ſhip «pon that parallel in juſt degrees, 
to the degrees of the 4: fference of long 1uude, 


An Example. A ſhip making her courſe npon the pa- 
rallel diftant from the AquinoRiall degr : 5 r, min : 32, 
by the cſtimarion of the way hath fayled 914 in /uft de- 
grees : how many proper degrees of that parallel hath 
hee gone ? 


The complement of 519, 32' is 382, 28, the ſing 
whereof is 62206. Say therefore. 
s 38%, 28 , | Rad ::; 94 o 05%. 
63206 I00000 
E 3 The 
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The differenre of longitude ſought u degr : 151111 8 
W hich arch fo fpund is robee added to, or ſubducted 
from the longirude of the place where you beganne your 
account , according. as you have fayled either Eaſt or 
Weſt. 


© Queſt: IT, How many Engliſh miles change one 
degree of longitude in going Eaftward or Weſtward at 
the elevation of the Pole degr: 51, min : 32, 


It was fappoſed inthe beginning of Chapt : 111T, 
that miles 66; doe anſwer to.one degree of a great cir- 
cle upon the carth. 


The complement of 519, 32 is 38*, 28. 
Say therefore by Theor : T. 


Rad . s 389, a8' :: 6635 , gin 
I00000 62206 


Wherefore miles q1,2!! make a degree on the pa- 
rallel51*, 32. 


Keepe this number 41[211_in mind for the reſolving 
ofthe twoqueſtions following. 


2ueſt : 11T. There are two places having the fame 
tititnde of degr: 51 , min: 32: and the difference of 
their /ongitudes is degr : 1511114: How-many miles are 
they diſtant by. the paratiel ? 


Firſt find out the number of miles anſwering to one 
degree inthe parallel 519, 32, by ,Z»eft : IT, which you 
ſhall find 4161: . Then multiply the fame by the de- 
grees of the difference of longitude 15112 14 : thus, 


To 4H :; 1501+, ,622174 , 
Their diſtance js miles 6227+ , 


ef 
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| Dueft : III, There are two places Favisg the ſame 
latitnde of degr: 51; min :32 : and they are diſtant by 
the parallel mules 6224749 : how many degrees are they 
diſtant in longitude ? 


Firſt find out the number of miles anſwering to one 
degree in the parallel 51%, 32', by Zueft: II, Whicl® 
you ſhall finde 41112 , Then by the fame number 
found divide the ſum ofthe miles given, that is 622/74 : 


thus, 
41,77 , 1 2:2 622/74 « 1519974 , 


The diftance of longitude is degregs 15117! + , 


Cya P, 
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Cnay. VI. 


of the obſique Rumbes betwreve the Merj- 

dian, ard that of Faſt and Weſt , what 

they are, and how comprſed : of finding 
_ out certaine fundamentall Theoremecs 

for oblique ſayling. 

*>AG7m Hat circular ſayling npon any one of thoſe 
foxre cardinall points, whether ir bee a 

eat circle, or 4 parallel, hath (as wee 
om ſeene) no great difficulty in under- 
ſtanding or computing : ſo that you bee 
ſure of the 1rne meaſwre of the ſhips way : 
becauſe that thereia cither only the /at:r#de, or only the 
longitude is altered, 

But there is greater difficultic in 6b/ique [ay/ing when 
the Ship runneth upon ſome Rumbe between = of the foure 
cardinall points, making an oblique angle with the Meridi- 
ax : becauſe therein the ſhip continually changeth both 
latitude and longitude , And the difhculty is ſo much the 
oreater by how much the voyage is more diltant from 
the XquinoRial towards either Pole : and upon a Rymb 
more remote from the Meridian. For neere the Zqui- 
noRiall, where the Meridians are almoſt parallel; and in 
thoſe Rumbes which are neere the Meridian, where the 
longi ude is but little altered ; there is no ſuch lubricity 
and propenſeneſle to erre. 

In this kind of eb/ique ſayling, the ſhip is ſo direed 
by the Compaſſ?, and guided by the helme, that the /ine 
of the ſhips length is every where kept firmely in oneand 
the fame angle with the Meridian, according to the di- 
ſtance of that Rumbe from the North and South line, 
And becauſe the Compaſſe 4 as it were amoveable Hors. 
za : and the lines of direction thereupon are the s»ter- 
ſeftions 


_ 
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ſeltions of eaſzwmiths or verticle circles with the fame 
Horizonrall plaine, dividing it into ſo many parts, which 
are called Rwmbes: it commeth to paſle thac in ſich ob- 
lique fayling towards the apparent pole,the place where- 
unto the Compaſſe leadeth is evermore betweene the 
parallel through the place wherein you are, and the 
Pole. Wherctore the /ine of the Ships eblique conrſe is 4 
belix or ſpirall line, approaching neerer YI neerer to the 
Pole but never falling mtoit, Asin the Scheme, ſuppoſe 
the center of the circle P to berhe Pole of the world ; 
and all the concentric circles to be parallels deſcribed at 
equall diſtance one from the other ; and the ſtreight lines 


11:11 K 
out of the Pole, PAC, PEB, PiD, POF, &c. interſe&; 
thoſe parallcls in the pointsC,B,D,F, &c. to be Meridi- 
ansg- 
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ans : ſothatall the ſegments of the Meridians C A, BE, 
DT, &c. be equall : andall the ſegments of the parallels 
KC, BA, DE, &c: bee of equall length, though not of 
equall degrees; every one of thoſe arches containing 
foure or more degrees, according as every circle is grea- 
ter or lefſe then another. Suppoſe alſo that the ſhip kee- 
ping a juſt North-Eaſt courſe deſcribeth the crooked 
line CBDF, which therefore muſt needes be the North- 
Eaſt Rumbe : and in the contirnation of it doth ap- 
proach unto the Pole neerer and neerer : but can never 
fall into the Pole : becauſe it till keepeth the ſame di- 
ſtance upon the Compeſſe berweene the Meridian, and 
the parallel in whichir is, and maketh with the Meridian 
an angle of 45 degrees. 


Theſe Helices or ſpirall lines (vwhich are the oblique 
Rumbes) owgbr to confpſt of moſt minute and in/enſible, yea 
indiviſible parts : forif they be any whir great, the ac- 
count of the Ships motion will be confounded, and car- 
ryed downe from the true place whither the vhip is 
gone, towards the Xquinoctia!l: neither can you re- 
turne by the Rumbe you came. For imagine in th: for- 
mer Scheme two Meridians PAC, and PBK, and that 
AB and CK be like ſegments of rwo prrallels, ſo that 
ABCK ſhall bee a kind of ſphzricall right-angled qua- 
drangle : draw therein diagoniall-wiſe the arch of a great 
circle CBL, in which the ſhip is ſuppoſed to have gone 
from C ro B: firſt the outward angle PBL being (as 
may eaſily be demonſtrated) greater then the inward 
angle A CB, ſheweth that you are fallen from your 
Rumbe into another point; and | ad neede to beare up 
the Ship againe into rhe Rumbe BD, making with the 
Meridian an angle PBD equall to that other ACB, 
Againe, the diagoniall arch CB cutteth the quadrangle 
mto two triangl:s uncquall one tothe other : for though 
in both the ſides AC and BK (which we will call the 

| eathets) 
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cathets) be equall, and the hypotenuſa CB- be the fame : 
yet the baſes AB & CK, and likewiſe their angles, are 
unequall : yea though the diftance of the parallels AC 
and BK be but one ſcruple ofa degree. Bur yet theleſſe 
you take the diftance of the parallels, that inequality will 
alſo bee the leſſe, So that if by any artifice it may bee 
brought about that the arch AC be not one minnte of a 
degree, which on the face of the earth anſwereth to a- 
bove an Engliſh mile, but the hundred-thouſanth, or if 
need bee the millionerh part of a minute, ſcarce excee- 
ding one fifteeath part of an inch (which thing by the 
helpe of God thegiver of all light I have diſcovered, 
and am able to performe in tables unto the Radius 
I 0000000, yet nothing at all differing either in their 
forme or manner of working fiom thoſe thatare now 
commonly in uſe) all that inequality will be taken away, 
and thoſe moſt ſmall triangles will indeed, and unto all 
uſe, become plaine reangled triangles : and the fpirat 
line of the ſhips courſe berecalted to a preciſe exattneſſe, By 
whar artificc this is done, together with other ſecrets of 
thar nature, I may peradventure hereafter be induced to 
declare ; if fo be I ſhall firſt ſee the praftiſers of this moſt 

noble and nſefall ſcience (which 1s as it were the band 

and tye of moſt difun& countries, and the conſociation 

of nations fartheſt remote) willingly to relinquiſh their 

inveterate errours,and to uſe thankfully and conſcionably, 

without envy and ſelfe-conceited tubbornenefle, fach 

light and helpes as the due and mature ſtudie of true art 

ſhall afford, 


4 


In the meane time we will here make uſe of the or- 
dinary canen of the Meridian divided according to Mer- 
ator : which I have therefore ſet upon rhe ſixth avd 
ſeventh Circles of this Inflrament , unto 40 degrees ; 
as hath beene before ſhewed in the ſecond part of the 
firſt Chapter, 
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And firſbcut of the inſpetion of the Rumb in the laſt 
diagram compatted of the hypotenu/2 of an infinite num- 
ber of thoſe minute rightangled triangles,I wil in certain 
Theoremes demonſtrate the grewnd of oblique ſay/ing : 
And then mthenext Chapter apply the fame foundari- 
ons to the anſwering of the ſeveral queſtions in Navi- 
£41108, 


And becauſe thoſe triangles are all ſappoſed to bee 
equall (or rather the ſame triangle ſo often multiplyed) 
let them be alſo noted with the famelerters A BC, as 
the loweſt of them is : the cathers C A being all 
on the © Meridiars : and the Saſes BA being all on the 
ſeverall parallels: and the kyp-.exxſe C B: are the mo- 
tion of the ſhip upon the Rumbe; 


The Theoremes arc {ct downe in theſe proportions, 


Theor : T. Asthe Radius, is 
to the ſine of the complement of the Knmzic : 
So is the way of the Ship sn degrees upon thar Rumb, 
berweene any two places on the earth, 


to the difference of latitude betweene thoſe two 
places. 


For R , co C:: BC. CA: many BC; ſomany CA. 
And ſo converſely, 


Theor: TI. Asthe Radius, is 
to the fine of the Rambe from the Meridian : 


So is the way of the ſoip in degrees apon that rumb,&c. 
to the /amme of the baſes of all the triangles inter- 
cepted betweene the parallels of thofe two places. 


For R', 1C :; BC , BA :: manyBC , ſo many BA. 
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Theor : III, Asthe Radius, is 
re the tangent pf the Rymbe from the Meridian : 
So is the difference of latitude between any two places, 
to the ſxmme of the baſes of all the triangles inter« 
cepted, (3c, 
For R , tC :: CA , BA :: manyCA., ſo many BA. 


Theor: II TI As theRadius, is 
to the ſumme of the ſecants of all the parallels be» 
tweene any two places upon theearth : 
Sois the baſe of one of thoſe triangles, 
to the difference of longitude between thoſe two 
places. 


For by Theoreme Il, Chap: 5, 


R . ſec : parall :: baſe AB , diff: of long : in 
baſe BA :: many ſec; parall « dift : cf long : in ſo 
many baſes BA. 


Againe becauſe by the laft Theorewe 
R . ſum: ſec. parall :: BA , diff; long: inBA, 
and by Theor :T[I, R . 8 C :: CA. BA, 


and becauſe that CA is bur 1, be it /exage ſine or cex- 
teſime, &c. therefore by compolitien of thoſe two pro- 
portions arifeth, 


Theor : V. As the quadrat of the Radins, is 
ro the ſumme of the ſecants of all the parattels 
ber weene any two places upon the carth : 
Or, -As the Kadins, is 
to the /umme of the ſecants of all the paraltels be- 
rweene any two places, divided by the Radius : 
So is the targent ofthe Ruwb from the Meridian, 
to the difference of longitude betweene thoſe two 


places, 
F 2 CHar, 
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Cuay, VII. 


Of the ſeverall queſtions which are incident 
, wn oblique ſayling. 


SRaEa T isncedfull to bee advertiſed : Firſt, that 
Eh be N in working the queſtions following upon 
12> Roy the Inſtrument, the degrees of the foips way 
9 by (found out by Chapt : IT11.) and of the 
differences both of latitude and lon gitude,and 
alſo the ſamme of the [ecants of parallels, are all to be taken 
on the fomr th circle, after the manner of abſelutenum- 
bers : for which cauſe they are ſtill tobe ſerdowne in 
degreec.and Decimal parts of degrees. But the Sinesand 
T angentsare tO be accounted 3» their owne, circles, That 
heereafter wee may nor neede evermore to bee tel- 
ling unto what ciicle every number. or terme doeth 


belong, 


WP | , 


And ſecondly, that if you pleafe ro worke theſe queſti- 
#%s with your pex : you may doe it by the tables for the 
diviſion of the, Meridzan, line ascording to. , Aercator : 
Which tables are nothing elſe but a perpetuall addition 
of ſecants. And are to be found both in Maſter Wrights 
Erromrs of Navigation , and in Wiltbrordus Snellins his 
T ipbys Batavm, for every minute :. and in. Maſter Gwy- 
ters Books for every, tenth part.of adegree, Which laft 
for more readinefle fake I dge herein make uſe of, 


Bur in uſing .the, tables. of Maſter #righr, or Sneffims, 
you muſt reckon the /atitades in degrees aud winutes ; 
with Decimal of Auotes » and not in Decimalls of 
Degrees, F 


In 
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In the examples I have ſer downe the numbers ſo, 
that you may workethem. either by the Inſtrument, or 
with the pen. The manner of working the Decimall 
parts with the penne you ſhall find inmy ({avu Mathe- 
matica, Chapt. 1, 2, 3,4, 6. But by the Inftrument, in 
the firſt Chapter ofthis preſent rractare at large : which 
I could wiſh weredilligently ſtudied and praftiſed. » 


And now I come to the Queſtions, 


Qvnz37. F. By the Rumbe and way of the Ship given, 
to find the difference. of latitude fn two places, 


This is done at one operation by Theor: I, in the for- 
mer Chapter. 


As the Radius, is - 

tothe fine of the complement ofthe Rumbe : 
So is the way of the ſhip in degrees upon that rumb,. 
detweene any two places on the earth, 

to the difference of laticude berweene thoſe two 


places, 


An. Exawple, A Ship begirning her courſe in the la- 
titade of degr: 50,7 , that is 50®, 42", hath fayledon 
the AFGA, Rambe degr : 9:35: inro what latitude is 
ſhe come ? 


Here the- angle: of inclination which the N#b XN, 
Rumbe maketh. withthe Meridian is (by Chap : 111.) 
33%, 45; + thecomplement of which is 56%; r5': and 
the ſine thereof 83147' Say therefore, 


Rad ; 256%, n5' :2: 95 | m7f: ; the 
Lo0000 83147: (difference of latitude 


F 3 which 
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which being added to the Latitnde 5017 given (becauſe 
the greater latitude is fought ) giveth degrees. 5 8:412 
thats, 58, 29. | 
But ifthe lefſer latitude. had beene ſought : the id 
difference ſhould have bene ſabduRted our of the latitude 
iven. And if the difference of latitude found (the Ship 
Sling toward the £quinotiall) chance to exceed the 
latitude given, ſubcut the latitude giuen out of the faid 
difference found : and the remaines ſhall bee the ſecond 
latitade, but in the contrary Hemiſphzre. For if the 
two latitudes be in the contrary hemiſphzres,the ſurmme 
of both is the difference berweenethem. 


QvszsT. II. Py the way of the Ship and the difference 
of latftude betweene two places given, to finde the Rumbe 
leading from one placeto the other. 


This is done alſo at one operation by the faid Thes- 


reme TI. 


As the way of the Shipin degrees upon the Rumbe 
ſought berweene any two places, is 
| _ to thedifference of latitude beween thoſe rwo places: 
So is the Radius, 
to the fine of the complement of the Rumbe ſought. 


eAn Example, AShip beginning her courſe at the la- 
ritude of degrees 5017, that is 50®, 42', hath fayled up 
to the latitude of degrees 5 8482, that is 58*, 29": in 
which ſpace it hath gone degrees 9335 upon one Rumb: 
W hat Rumb was it that ſhe followed ? 


Here the difference of latitude is degrees 77> , fay, 


9,36 s 71782 A + Rad "& ; 56®, 15 . 
100000 83147 


the 
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the complement of which arch found is 33e, 45': 
which is the angle of inclination of the Ships courſe to 
the Meridian: and is ( by Chapt: IIL).the NW b N. 
Rumbe, 


Qyi sT. Ill, Zy the Kumbe, and difference of latis, 


tude betweene two places, to find the quantity of the Ships 
way in degrees, 


This is done at one operation by the converſe of the 
faid* Theor : I, 


As the fine of the complement of the Rembe, is 
to the Radius : 
So is the difference of latitude between any two places 
. tothe meaſure of the Ships way indegrees. 


An Example, AShip beginning hercourſe at the la- 
titude of degr : 581452 , hath Gayled upon the SEb S 
Rumbe unto the height of degr : 507 : how many de-- 
grees hath ſhee gone upon the Rumbe ? 


Here the difference betweene the rwo latitndes gi- 
venisdegr: 97%z . Andthe angle of indination of the 
SEbS Rumbe 3s 33®, 45, by Chapt: ITI: the com- 
plement of which is 56®, 15': andthe ſine thereof 
83147- Say therefore. 


s $6®, I5* . Rad :: 9782 , gs: 
which is the weaſwre of the Ships way in degrees. 


QyzsT. INI, Þy the Rambe, and difference of la- 
rude, to find the difference of longitude. 4 | 


Thisis done at one operation by Theor: V, in the for- 
mer Chapter, 
As 


3 
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As the Radias, is 
to the rangeur ofthe Rumbe :; 

Sois the ſamme of the ſecantsof the parallels be- 
tweene any two places, divided by the Radius : as 
they are ſet downe in the tables, 

tothe difterence of longitude between the Me- 


_ dians of thoſe two places. 


An Example, A Ship beginning her courſe at the 
latitude of degr : 3812 , fayleth upon the #52 Rumb, 
unto the latirude of degr : 5ors : how many degrees of 
longitude hath it varyed in that courſe ? 


Here the angle of inclination of the 9w/5N Rumbe 
with the Meridian is 78®, 45' : the tangent whereof 
is 502734 . And the ſamme of the ſecants for 501s_is 
58,691 : and the ſumme of the ſecants for 382 1s 
411392 : the difference of which is 191299, the ſumme 
of the ſecants of the parallels betweene thoſe two la- 
titudes : which elſe by the Inſtrament is found our by 
the ſecond part of the firſt Chapter. Say therefore, 


Rad , & 98%, 45 :: 17299 , $5927 « 
100000 y02734 


W hich is the difference of longitude berweene the Meri- 


dians of the two places. 


But becauſe this queſtionis of excellent and very fre- 

vent uſe, it will not be amifle ro ſet downe at large 

the manner of working this Example upon the laſtru- 
ment. Thus, 


Set one of che armes of the Index upon 382_in the 
ſixth circle, and open the other armenaro 50,45 in the 
ſeventh circle, according as hath beene taughe in che (e- 
cond part of the firſt Chapter, Then move the m—_ of 

c 
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the Index, which ſtoodon 382 rothe line of the 1 : and 
the other armeat the ſame —_ ſhall in the fifth c:r- 
ele cur 174:99,,, the ſumme otthe ſccants. 


Againe ſet one of thearmes of the Index wpon the 
line of the Radins, and openthe other arme unto the tan- 
genrot 78", 44'. Then move the antecedent arme of 
the index, which ſtood at the line of the Radius, unto 
17899 inthe fourth circle: and the conſ:quent arme 
ſhall inthe ſame fourth circle cur 871927 , which are the 
degrees of che difference of longitude ſought for. 


Qussr V. Bythe latitude and longitude of any twe 
places grven, 16 find what Reembc leadeth from the one place 


to the ether, 
This is done at one operation by the ſame Theor: Y. 


As the ſamme of the ſecants of the parallels betweene 
thoſe two places, is 
to the difference of longitude betweene them : 
Sois th- Radtus, 
to the tangent of the Rumbe ſought. 


en Example, Thereare two places, the one having 
the latitude of degr: 5015 : andthe other the latitude 
of 383 . And the difference of longitude berweene 
their Meridians is degr : 87927 , By whatRumbe ſhall 
a Ship fayle from one place to the other ? 


Here the ſamme of the ſecants of the parallels be- 
rweene the two latitudesgiven is 191299, as was found 
out in the example of 2»eft. [IIf, Say therefore, 


191299 . $7:9*7 :: Rad 8 785, 45” 7 
1090000 205734 
W hich 
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W hich is the angle of the inclination of the Raw leading 


between thoſe two placer,with the meridian: and is therfore 
(by the third Chapter) the 9/6 or EbSRumb : ifthela- 
titudes be on the North fide of the &quinoRtiall. 


QvnsT, V I. By the Rumbe, and difference of logs. 
itude betweene two places, whereof one 1 grven, to find the 
difference of their latitudes, 


This is done at one operation by the converſe of 7h. V. 


As the rangent ofthe Rumbe, is 
tothe Rains : 
So is the difference of longitude betweenc the Me- 
ridians of thoſe two places, 
rothe ſumme of the ſecants of the parallels be- 
tweecne thoſe two places, 


eAn Example, AShip beginning her eourſe at the la- 
titude of degr : 38,* , fayleth upon the #/4N Rumbe 
untill it hath chayged che longiruce degr : 871927 : In- 
to what. latirude ſhall ſhe then be come ? 


Here the angle of inclimtion of che /4N Rumbe 
with the Meridian is 78*, 45* .  C&ay therefore, 
t78®, 45 « Rad :: 875927 . 179299 : 
W hich is the /#mme of the ſecants of the parallels between 
the latitude degr : 3 $12_ given, and the latitude of the 
place wherein the Ship w. Wherefore if unto the ſurname 
of the parallels for degr : 38: found' out by the ſecond 
part of Chap: I, namely 41,39*, you adde the fourth 
rerme found 171299 : the ſumme 5 8159! hall bee the 
[umme of the parallels for the latitude ſomght : which by 
the fajd ſecond part of Chap : I . you ſhall inde to bee 
degrees 501s.. | 
x2 \ Qv 857, 


if 
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var. VII. By the Rumbe, and meaſure of the 
way of the Ship in degrees, to find the difference of longitude 
betweene two places, whereof one u given, 


This is done by two operations, 


The firſt is, By the Rumbe, and way of the Ship 
given , to finde the difference of latitude : whie 


is Queſt, I. 


The ſecond is, By the Rumbe, and diff:rence of lati- 
rude given, to finde the difference of longitude, which 
is 2 zeft, HIT, 


eAn Example, AShip beginning her courſe in the [a- 
titude of degr : 5or hath fayled upon the #N# rumb 
deg: 1 397 : how much hath ſhe changed the longitude ? 


Here the angle of inclination of the YA Rumbe 
with the Meridian is 67*, 3u* : the compl : of which is 
222,30 the fine whereof is 38268 Say firſt by 2eft, T. 


Rad , # 32®, 30* 21 
100000 38268 


FRANGS 11, 


W hich is the d:fference of latitude berweene the be mnmg 
and the place where the Ship 94. Now becauſe the Ship 
fayting toward the Pole increaſeth the lacirude : Ade 
degr: 5,:4 todeg. zol+ rhe latirude given : and the ſum 
. deg: 55:54 ſhall be the Ztirade of the place whither he Ship 


KH Come. 


Secke the ſamme of the fecanrs of the parallels fer 
both thoſe places, by the ſecond part of Chap: I , which 
will bee found hes 581134, und 67859: thedige- 
rence of which two n bot 


is $725 , rhe famme of 
» 


4 
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the ſecants betweene thoſe parallels. Alſo rhe tangent 
of th: Rumbe, (viz) Fs", zo" 5s 241421 ', 


Say therefore againe by\Quef, 'ILIT, 


Rad : t67%,30 ;: 8725 , 21195 
100000 241421 


LY 
Which arch of degr : 21164 5s the difference of longitude 
ſought for. 


Qvusr. VIII. Þy the difference of latitude , and 
meaſure of the way of the Ship in degrees : to finde the dif- 
ference of longitude betweene two places , whereof one 1s 
given, 


This alſo done by ewe operations. 


The firſt is, By the difference of latitude, and the way, 
to finde the Rumbe : which is Zueft : 11, 


The ſecond is, By the Rumbe, and difference of 
jatirude, to finde the difference cf longitude : which 
is Iucſt III. 


eAn Example. A Ship. þeginning her courſe in the 
latitude of degr: 55.*4, hath fayled degr : 13,7 upon 
one and the ſame Rumbe, even unto the latitude of 


degr : 50,4 : how many degrees of longitude hath ſhe 
changed ? 


...; Here the difference betweene the two latitudes given 
degr : 5124 


Say hcſt by. Left, IT, 


197, » '$24 3: Rad . 2229, g0': 
\ . © 400000” 38468 
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the cothplement of which arch (v4z) 699, -30', is the an- 
gleof the Rumbe: And the tangent thereof ip241431 . 
Secke alſo the ſumme of-rhe ſecants: of the parallels tor 
both thoſe places, by the ſecond part of Chap, I - which 
will be found robee 581534, and by 67152 : the dift:- 
rence of which twonumoers is 8,7: 5, the ſurgme of rh 
ſecants betweene the parallels. | 


Say therfore againe by 2aeſt, I11T, 


Rad... : 167% 30' 3: : $1755 -, 21,264 
100000 241421 | 


W hich arch of degr : 21954 u the difference of longitude 
fought for. 


QuxsT. IX. By the differences of latitude and longi- 
tnde betweene twoplaces. given, to. finde the meaſure of the 


way of the Ship #n degrees, 
Thiz is alfodone by two operations. 


The firſt is, By the difference ef latitude and long! 
rude to figde the Rumbe leading betweene thoſe two 
places: which is Leſt, V. 


T he ſecond is, By the Rumb,and difference of latirude, 
to find the meaſure of the Ships way in degrees : which 
3s neſt : 111, 

An Example. AShip beginning her courſe in the lati- 
rude of degrees 5c|+ , fayleth ſtill following one and 
the fame Rumbe untill ſhee commeth ro the lati- 
'tude of degr : 55:44 2 in whichtime ſh? hath changed 
the longitude degr : 211254 : How many degrees hath 
the Ship gone upon that &umbe ? | 


'Here,.the, fammeiof; the ſecants of rhe parallels for 


» both the plares-propoſed, by the ſecond part of Chap. I, 
G3 wall 
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will be found to be 5 ${:34, and 67659 : the difference 
of which two numbers is 81725, the famme of the ſe. 
cants of the parallels berweene thoſe ewo latitudes, 


- Say firſt by 2«ef. v, 


$1725 ,' 211964 :: Rad. 265%, 207; 
100008 241431 


W hich is the angle of inclination of the Rumbe, with the 
meridian: the complement of which is deg: 22, min: 30: 
the fine whereof'is 38268. And the difference between 
the two latitudes degr : 5514, and degr: gcj4 , is 
degr : 5124, 

Say therefore againe by Z#eft, III, 


5 32%, 3O' , Rad :: 51'4 , 137 : 
339268 1yooooo 


W hich is the wee/wre of the Ships way in degrees, 
QvusT. X. By the Rumbe, and difference of longs- 


tude betweene two places, whereof one us given, to finde 
the quantity of the way in degrees berweene thoſe places, 


This is alſo done by wo operations : 


" The frf is, By the Rumbe, and difference of longi- 
tude, to finde out the difterence of latitude : which is 


Yneſt. VI. | 


The ſecond is, By the Rumbe, and diferenpe of hati- 
tude, to finde out the meaſure of the way of the Ship in 
degrees : which is 2 ef. III, | 


An Example, A Ship beginning her courſe inthe la- 
titude of degr : 5514, faylerh upon the ESF Rumbe fo 
long 


tr ROS © os 


Of Navigation, © 


long till it hath changed the longirude degr: 21154. - 
How many degrees hath the Ship- gone upon that 
Rumbe ? 


Heretheangle of the ESE Rumbe with the Meridi- 
an is degr : 67,, min: 30; the tangent whereof 


I 1421. 
Is 2414 £ 


Say firſt by Qef, VI, 
t 67%, 3 . Rad :: 2110%4 , 89:5 : 


W hich « the ſ[nmme of the ſecants of the parallels betweene 
the latitnde of degr : 55164, and the other latitude ſonght. 


Now the ſamme of the ſecants of the parallels for the 
latitude of degr; 5514 is 671259, by the ſecond part of 
Chap. I. Ourof whichnumber if you f{bduR 87:5 ſt 
found (becauſe the courſe is tewards the Aquinottiall) 
the remaines ſhall bee 5 853+, the ſamme of the ſecants 
of the parallels for the othe: latitude of degr : 5014., by 
the ſame ſecond part of Chapt, I. So thar the difference 
of the latitndes is degr : 51:4 . And the fine of 229, 30, 
the complement of the ESE Rumbe is 38268. 


' Say therfore againe by Queſt. I1T. 


522% 20 , Rad :: 54 , 137 
38268 109-000 


W hich « the quantity of the Ships way in degrees, 


Q»s$T.X!. By theway of the Ship and the difference of 
longitude betweene the Mcridians of any rwo places where- 
of owe 14 given, to find ont the « leading from one place 
ts the ot o & ; | 


Qvasr, 
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Queer. Xt. By the way of the Ship, and the diffe= 


— 


rence of longunde berweene the Miridians of any two pla- 


cer , whereof one ws given , to finde out the difference of 


their latundes : by which the ether place may be had, 


Theſe two Queſtions, as they are of little or no uſcin 
Npvigation ; fo alſo they have no dire and immediate 
ſolution. Bur are performed after the manner of the 
rule of falſe poſition , by tuppoſing reaſonably cither a 
Ruml e, or another latitude : and then according to 
Deſt. VII, and Queſt. V I), to find the difference of 
longitudes: which if it chance to fall out tobe the fame 
that is given inthe 2 #eftion ; you have your defire. If 
not : ſuppoſe the ſecond time. And laſtly by comparing 4 
of both errours argae the truth. 


Thefe two 2reftions are not fo mitcriall , that I 
ſhould ſpend more time in ſetting downe Examples 
thereof, 1 will leave that worke to the ftulious pra- 
Aiſer, 


Quasr, XI; If it be required to know the diſtance 
upon the Rumb between any two places, the meaſwre of the 
way being knowne #n degrees, You any multiply chat 
meaſure of the way tn degrees by miles 66125, whicly js 
the number of miles contained in one 1»ſt degree upon 
the carth, as was beforeafſumed in Chapr, HI, , 


And thus have I ſhewed the w/e of the Inflrwment in 
the ſolution of all namticali 2 neftions : which thing I ſpe- 
cially in this ſmall tratate aymed ar. W hichif ir ſhall 

ive any, light and fatisfaRtion to ſuch as are ſtudious in 
at toftnioble and ofcfull art, i have my defire :. which 
indeed onely is, that the ſociety of mankind may bec be- 
nefited, and God d ares by evefy poore ability hee 
hath beene pleaſed to beſtow upon me. I Was alſo in 
part minded to have annexed herenato certain problemey, 
how 

| 


| 
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how by reaſonable eonjeAnre the courſe of the Ship may bee 


moſt probably reftifyed, when the reckoning thereof by the 
Compaſſe and way | er » ſhall bee found to diſagree 
from the caleftiall obſervations: Wherein I ſhould have 
occaſion to ſpeake of the currents or hidden motions of 
the Sear, how they are to be obſeryed, and how to be conffi- 
dered of in computing the motion of the Ship : Andalſo of 
the deflexiou (or as | may call it, the b5ac ) of the Ship ben« 
ding and wheeling it ſelfe about continually to the one 
ſide; how, and what allowance may moſt reaſonably 
be made for it, Bur becauſe theſe doe not properly be- 
long tothe Inftrument, and are to me onely in ſpecnlati 
on (which by reaſon of my wanr of experience in Nau- 
ticall afaires, I cannot ſo well direR and ordaine for pra- 
Rice at ſea) [ will for this preſent prztermitr, contenting 
my ſelfe with what hath beene already delivered. 


And if the e Maſters of Ships and Pilots will take the 


paines in the journalls of their voyages dilligently and - 


faithfully to ſet dewne in ſeverall columnes, not only the 
Rumbe they goe on, and the meaſure of the Ships way 
in degrees, and the obſervations of latitude, and variati- 
on of their compaſſe ; bur alſo their conjeures and rea- 
ſons efthe correQion they make of the aberrations they 
ſhall find, and the quality or condition of their Ship, and 
the diverſities and ſeaſons of the windes, and the ſecret 
motions or agitations of the Seas, when they beginae, 
and how long they continue, how farre they extend, 
and with what incquallity ; and what elſe they ſhall ob- 
ſerve atSca worthy conſideration , and will be pleaſed 
freely to communicate the fame with Artiſts, ſuch asare 
indeed skilfull in the Mathematicks, and lovers and inqui- 
rers of the truth : I doubt not but that there ſhall in con- 
yenient time be brought tolight many neceffary prz- 
cepts , which may tend to the perfeRXing of navigation, 
and the help and faftic of ſuch, whoſe vocations _ en- 

H orce 
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and wide Ocean to the providence of God : 
to whom be all prayſe, honour, and 
glory : And this is 


The End, 


have at the requeſt of Maſter Elias Allen , given way 
that Maſter Gunters T able of the diviſion of the Me- 
ridian line after Mercator, ſhould be here inſerted, for 

the wſe of ſuch as will take the paines to enter into 4 nu- 
merary caleulation of the former Problemes, The 0- 
ther T ables of natwrall Sines and T angents are every 

" where tobehad, 


— 
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The Declarat on of t'ie two 
RvLERS for Calculation. 


a He Ralers are fo framed and compoſed, 
8 that they may not only be applyed torhe 
þ= calculation of Triangles, and the reſoluti- 
3 ou of Arithmetical Queſtions : bur that 
J they may alſo very fitly ſerve for a 
Groſſe-ftaffe to take the height of the 
Sunne, or any Starre above the Horizon, and alſo their 
diſtances. In which regard I call the /onger of the two 
Rulers the Staffe, and the Shorter the Tranſverſaric, 
And are inlengrth one to the other almoſt as z to 2. 


The Rwlers are juſt foure ſquare, with right angles : 
and equall in bigneſle : they are thus divided. 


The Trau/verſarie at the upper end noted with the 
letters 5, T, N, E, onthe ſevcrall ſides, hath a pinnicrde 
or fight : at thelower edge of which ſight isthe /ine of 
the Radins, or Vnite line, where the diviſions beginne. 


On the left edge of one of the ſides are ſet the De- 
grees from © to 33 degrees, And on the right edge 
of the fame ſide 1s ſet the line of Sizes from go to 
x degree. 


In thenext fide are ſer two lines of T angents, that Þ 
I the 


— 
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the right edge goethupward from 1 to 45 degrees : and 
thar on the lefr edge goeth downeward from 45 to 


89 degrees. 


In thethird fide, on the right edge is ſet the /ine of 
Numbers, having theſe figures in deſcent, 1, 9,8, 7,6, 5, 


4, 3, 2z1,9, 8, T» &Cc, 


In the fourth fide on the right edge is ſet the /ine of 
e/Equall parts: And on the left edge arc diverſe chord; 
for the dividing of Circles. 


The Staffe at the further end of it hath a ſocket with 
4 pinnicide or fight : at which beginneth the 3o degree, 
and ſo goeth on to go degrees at the end of the Staffe 
next your eye ; whichdegrees from 30 to 90 are ſet on 
theright edge of one of the {ides of the Staffe, 


Then applying your Tra»/verſarie to the Staffe with 
the lower end ſet to 90, marke on the foure ſides of the 
Staffe the line of the Kadins or Vnite : at which on every 
left edge muſt beginne the ſing/e line of Sines, T angents, 
and N\»mbers, the very ſame which were in the Tran/- 
verſarie (that of the Sines being on that ſide where the 
degreesare) only the/ine of Tangents, and numbers are 
continued beyond the line of the Radius, to the farther 
end of the Stafte. 


And on the fourth fide of the Stafte in the middle are 
double diviſions : that on the right hand is a line of eZ. 

all parts to 109, reaching the whole length of the 
Staffe : And on the left hand contiguous tothe former, 
is the line of Latitwdes or Elevations of the Pole unto 7g 
degrees marked with the leter L. 


The «degrees both cf the Staſe, and Tranſyerlarie, and 
alſo 


the two Ralers. 
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alſo of rhe Sines and Tangents may bee divided into 6 
parts which containe 10 minurs apiece : or rather into 
10 parts containing 6 minutes apiece : for ſo they may 
ſerve alſo for Decimals. 


Thus have you on the 129 Relers the very ſamelines 
which are in the Circles of Proportion : and whatſoevgr 
can be done by thoſe Circles, may alio as well be perf or- 
med by the two Rulers : and the Rules which have bin 
here formerly ſer downe for that Inſtrument, may alſo 
be practiſed unon theſe : ſo that you bee caretull ro ob- 
ſerve in both the dift-cent propriety in working. It 
will not therfore be needfull, to make any new and long 
diſcourſe, concerning theſe Rulers, but onely toſhew 
the manner, how they are tobe uled, for the calculation 
of any proportion given, 


In working a Proportion by the Rulers, hold the 
Tranſoerſary un your left hand, with the end at which the 
line of the Kadins or Vnite line 14, from you ward : tur- 
ning that ſide of the Ryler upward, on which the line 
of the kind of the firſt terme uw, whether it be Number, 
Sine, or T angent : and therein ſeeke both the firſt tr-me, 
and the other which ts homogene to it. Then take the $1.1ffe 
in your right hand with that fide upward, in which the line 
of the kind of the fourth terme ſought for s : and ſeeke in 
it the terme homogene tothe fourth. «Apply thu to the firſt 
Berne in the Tranſverſarie : and the other homogene terme 
ſhall in the Staffe ſhew the fourth terme. 


As if you would multiply 35 5 by 48 : Say 
? , 355 :: 48 . I7040 


For if inthe line of Numbers on theStaffe you rec- 
kon 355, and apply the fame to 1 in the line of Nambers 
on the Tranſverſarie ; then ſhall 48 on the Tranſverfarie 


ſhew 17040 0n the Staffe, 
I 2 Againe 


The uſe of ; 


————— 


Againe if you would divide 17040 by 48 : Say 
48 c 1 :2 17040 . 355 


For if in the line of Numbers on che Tranſverfarie you 
reckon 48, and to the ſameapply 1 inthe line of Num- 
ders on the Staffe : then ſhall 17040 on the Tranſyerſa- 
ric ſhew 355 on the Staffe. 


The true value of the fourth terme found, may be had 
by the 5 & 6 ſe: 2 chap: 1 part, 


Some Examples of working Proportions wee will 
borrow our of 3 chap : 1 part 


Example T. If 54 elncs of Holland be fold for 96 ſhil- 
lings : for how many ſhillings (hall 9 claes be ſold ? the 
worke ſhall be thus 


541, gh ;; oft, 16% 


for if in the line of Numbers on the tranſverfarie you 
ſeeke the firſt rerme 54 elnes, and in thar line on the 
Staff: you ſecke 96 ſhillings : and apply one to the 0= 
ther : then ſhall 9 elaes foughrout on the Tranſverfarie 
point out 16 ſhillings on the Staffe. 


Example TIT. There is a Tower whoſe height I 
would meaſure. 


I take two ſtations inthe ſame right line from the 
Tower : andat either ſtarion having obſerved the height 
by the ſights of the Staffe, 1 find the neerer ſtation 28 
deg : 7 min : almoſt : and- the further ſtation 21 degr : 
58 minutes alm oft : and betweene both the Stations the 
dilance was 76 feet. 


The: 


the two Rulers. 


| The rule of meaſuring heights by two ſtations is con- 
tained in theſe Theoremes, 


Tas or, es the difference of the T angents of the ar- 

_ hes cnt in either Station, 4 to the diſtance betweene the fha- 

tions: ſo wthe Tangent of the leſſer arch, to the neerer di, 
Rance from the Tower, f Againe 


ThzoR, eAs the Radins 15 to the Tangent of the $7 e4- 
ter arch ; ſo us the neerer diftance found, 10 the height, 


And therefore becauſe according to 6 ſe& :. I chap: 
x part, by application of the line of Numbers to theline 
of Tangents (that « by applying the Vnite line of the Staffe, 
to the T angent in the Tranſverſarze, if the arch be leſſe then 
45 degr : , if the arch exceed 45 degr : by applying the 
ſaid Ynite line, unto the arch it ſelfe, or the complement 
thereof, which in the Tranſverſarie ts all one ) the Tangent 
of 28%, 7' is 5343, andthe rangent of 219, 58' is 4043: 
whoſe difference 1s 1310 : the Proportions will in the 
lines of Numbers be thus 


Firſt, 1310 , 96 :: 4033 - 234 
wherfore 234 feet is the neereſt diſtance 

Second, Radius . tang: 28% 7 2: 234 , 125 
wherfore 125 feet is the height ſought for. 


Oc elſe you may reſolve it at one operation thus, 


TazOR, e's the difference of the tangents of the com- 
plements of the arches ent in exther ſtation, 
i tothe Radine ;; 
$d 14 the diſtance betweene the ſtations, 
ts the altitude, 


FE 3 Becauſe 


The uſe of 22 


Becauſe accordingly as was before ſhewed, the ran- 
gent of the complement of 28®, 7 is 18715 : andthe 
tangentof the complement of 21%, 58' is 24792 : whoſe 
difference is 6077. the proportions will in the line of 

Numbers be thus 
® $6077 . 10000 :: 76 . n25 . 

—And theſe Rules may be alſo applyed to find out the 

diſtances of objects. 


Example V. To find the declination of the Sunne the 
ninth day of May, 


Becauſe upon the ninth day of May the place of ths 
Sunne is in & 29: which is 59 degrees diftant from 
the next AquinoQiall point. Say in the line of Sines 


Radius , fine 59® :: ſine 23%, 30 « ſine199%,5g' 
And ſo muchis the declination ſought for. 


If the diſtance of the Sunne from the next Aquino- 
&ial point exceed not degrees 2®, 3o'. Breake thatarch 
into minutes, or decimal parts of a degree : andy the 
lines of Sines and numbers fay 


«As the Radins 4 

to the Sine of 23*, 30'; 
So #4 the diſtance ( of the Sunne from the next 
e/EquinoTtial point ) in minutes, or Decimals, 

to the declination in minutes, or Decimals. 


As if the declination of the Sunne being in ne 45", 
45 be required : the diſtance of it from the next Zqui- 
noQial pointis 2%; 15* that is minutes 135, ſay there- 
fore yy 


the two Rulers. 
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Rad . fine 239,30 :: 135' « 537 , 
which is the declination of the Sunne in that place, 


Example V1. To find the right aſcenſon of the Sunne 
upon the ninth of May. , 


Becauſe upon the ninth of May the Sunne is 59 degr ; 
diſtant from the next &quinottiall point : fay in the line 
of Sines onthe Tranſvertaric, and the line of tangents on 
the Staff: 


Rad , fin: compl: 23%, 3o':; tan:59® . tan: 56%46', 
which is the Sunnes right aſcenſion upon the fame day, 


Or elſe (becauſe the Radius is the meane proportio- 
nal beyweene the tangent of an arch and its comple- 
ment) the ſame proportion might have beene thus ſet 
downes 


t:com: 59? ., Rad :: fin: com: 23%30' « tt: 56%46, 


In which manner of propoſure happening onely when 
there is in the proportion the Radius and two tangents, 
becauſe the two homogenes of the one kind are both ex- 
rreame termes, and the two homogenes of the other 
kind are both middle termes : the tangent is to be tur- 
ned into the tangent of the complement : and muſt 
change places with the Radius, As by comparing the 
two form:r proportions doth plainely appcare. 


Becauſe that the greateſt difficultie of working by 
theſe Rulers falleth out in the tangents, when the arches 
are in the ſecond mediery of the Quadrant, it will bee 
convenient 
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convenient to ſet downe ſome caſes wherein the worke dif- 
fereth from the ordinary manner, 


Caſe I. If the foure proportionals being all tangents, 
the arches of two of the termes given exceed 45 deg : 
and thearch of the third be lefle then 45 degr : as in this 
Example 


tan: 56* . tan: 31® :: tan: 7g® + tan: 649, 24": 


here the tangent of 31® on the Tranſverfarie being ap- 
plyed to the tangent of 569 on the Staffe, the tangence 
of 79® on the Staffe will outreach the Radius or end of 
the Tranſverfaric. Whereforc to find out the fourth 
proportional, marke what point of the Staffe, the line of 
the Radins on the Tranſverſarie doth touch, and to it 
(turning the Tranſverſarie) ſer the other end of the line 
of the Radius, and ſo ſhall the tangent 799 inthe Sraffe 
give you rangent 64*, 24 in the Tranſverſarie. 


Caſe Il, If the foure proportionals betng all tan- 
gents, the arches of the three termes given exceed 45 
deg . asin this Example _ 


tan : 79? « tan: 56*® :: tan: 649, 24 ., tan: 31®, 


turne the Tranſverſarie, and ſet the tangent of 5 6* there- 
in to tangent 79® onthe Staff: : and becauſe the Radius 
or end of the Tranſverſarie reacheth nor to the rangent 
64,, 34 onthe Staffe : to find out the fourth proporti- 
nal, marke what point of the Staffe the line of the Kadi- 
us of the Tranfverfarie doth touch, and toir (turning 
the Tranſverfarie) ſer the other endof the line of the 
Radius, and ſo the taygent 64®, 24' in the Staffe, will 
give you tangent 31® 1n the Tranſverſaric. 


Theſe 


the two Rulers. 


- Theſe two Cules, being nothing elſe bur 2 ſupplying 
of the ſhortneſſe of the | nm mg may ſerve as a 
rule , and diredtion for all other workes of the fame 


Conceming the manner of working by 2 nadrats 
and Cabes upon the line of Numbers. And of * 
duplicated and triplicated proportions. 


The difference of a Quadrat from a 2 nadrat i double 
the difference berween their ſides, 


And the difference of « Cube from a Cube #4 triple the 
difference betweene their ſides. 


ExampleTI, chap: 6, part 1. How many acres of 
W ood-land meaſured with a Perch of 18 feet, are there 
in 73 acres of Champane-land meaſured with a Pereh 
of x 6x5 _feet? 


The meaſures given, 18, 16:5 being reduced fntothe 
leaſt termes, areas12to 11, and the proportisn is reci- 
procall. Say therefore, 


Q: 12, Q: nn :: 73 . 61134 


Which is thus wrought: Inthe line of Numbers ap- 
ply 11 oa the Staffe, to 12 en the Tranſverfarie, then 
—y on the Tranſverfarie give 67 — on the Staffe: 

ulers 


which 67 — being reckoned on the Tranſverfarie (the 
R ing as they did)ſhall on the Staffe give 61134 


the number of acres in W ood-land meaſare, 


Enexple I11, chaps, pert x. If 0143 of; 
wder ſuffiſe to charge a Gunne w F the a 


jameter is yaches 117 ! MN wid pERET gRonns 
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will ſuffiſe to charge a Gunne whoſe concave Diameter 
'is ynches 7 ? 


The capacities are one to the other asthe Cubes of the 
Diameters, And the proportion is direkt, Say therfore 


. C:1f »- C:7:: on3 , 437 


W hich is thus wrought : In the lines of Num- 
bers apply 9.. on the Staffe, unto 145 on the Tranfver. 
farie , then ſhall 0443 en the Tranſverſarie give 
2:01— on the Staff: : which 21©1— being rcckoned on 
the Tranſverfarie (the Kulers ftandiog as they did) ſhall 
on the Staff: give 91333 : and againe the ſame 91333 be- 
Ing reckoned on the Tranſverfaric ſhall on the Sraffe give 
4317 the quantity uf pounds of powder fath{ing. 

Example in 46 pag, of Navigation, A ſhip beginnirg 
her courſe at the Latirude of deg : 38,2 , faileth upon the 
Wb N Rumbe, untothe Latitude of deg : 5015_:- bow 
many degrees of Longitude hath it varied in that courſe ? 


Here the angle of inclination of the 76 N Rumbe 
with the Meridian is '789, 45; the tangent whereof is 
502734. Andbythe double diviſions on the fowr th fide 
of the Staffe, the Sumine of the Secants for the Laritn.lc 
of 50,5_ is- 58159!_: andthe fuammeof rhe Secants for 
the Latirude of 38:_1s 41139? : the diff.rence of which 
is 171299 ; the ſumme of the Secants of the pirallels be- 
tweenethoſe two Latirudes.” ' Say therefore, 


Rad, tang: 78%45" :: 17999. 8617; 


which is che difference of Longirude berweene the Me- 
ridians of the two places. | | 
But becauſo this queſtion is of excelleac and very fte- 


the two Rulers. 
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quent uſe, it will not be amiſl> to fer downe at large the 
manner of working this Example upon the Rulers, 


Looke the two LatituJes 5oy , and 381i: given, in 
the line of Latitudes or elenations of the Pole on - fourth 
fide of the Staffe : and either marke what number each of 
them ſheweth in the /ine of e/£quall parts there, which 
you ſhall fin-1 ro be 58,49? , and 971392, the diff:rence 
of wnich is 17:99, as was before ſad: orelſe more 
eaſily, ſer one foor of your Compaſſes on one ef the Lat 
- eudes given, and open the other foot tothe other Lati- 
tude given: then keeping that aperture, ſet one of the 
feet in the beginning of that /ine of e/£quall parts, and 
the other foot ſhall upon the ſame line ſhew the diffe- 
rence of Secants berweene the faid ewo Latitudes given, 
thar is 171: $2 + 


Then in working the Proportion z becauſe the angle 
of inclination of the Rumbe 98, 45' is more then 45 
deg : turne that edge of the Tranſverfarie on which the 
tangents of arches above 45 are, toward the Staffe in 
your right hand : and to the line of the Radius apply 
1591299 {ought out on the line of Numbers on the 
Staff: : and fo ſhall targ : 582,45" on the Tranſyerfarie : 
ſhew 861297 — onthe Staffe, | | 


The Vſe of theCrofle. Staffe. 


FE the more ready uſe of the Crofſe-ſtaff you are to -. 


remember that the degrees ſerving for the Croſſe-Htaffe 
are jlaced both on the Staffe and Tranſverſarie,on the ſame 
fide on which the line of Sines 9. And that in framing 
thereof rhe Tranſverſarie us tobe ſet in the Socket ſo that 
it ma) ftand on the right hand of the Staffe. 
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 Theuſeof 


The degrees on the Tranſverſarieare only the firſt 30, 
and ſerve toſhew anangle not exceeding zodeegrees, 


Yet it would not be unuſefull ifboth the Tranſy 
and Staffe were made ſomewhar,Jonger chat the Tran(- 
yerfarie might containe 5 deg : after 30 ; and the Stafte 
5 degrees before 30. 


To findax anthle lefſe then 30 degrees: 
between any rwo objetts, 


Place the Socket at 30 deg: on the Stafte; and skrew it 
ft rherc : then ſetting the end of the Staffe ro your eye, 
draw the Tranſyerfarie up and downe through the Soc- 
ker,rill you may ſee with your eye theſrwo objects upon 
the two ſights of your Croſle-ſtafte : and ſo ſhall the de- 

rees cut on the Tranſverſarie ſhew ycu the angle of 
their diftance, if ir be not above zo degrees. 


To find an angle greater then 30 degrees, 
between any two objetts, 


Place the Socket ar 30 degrees of the Tranfyerfarie, 
andskrew ir faft there : rhen ſetting theend ofthe Staffe 
to gour eye, craw the Socket upand downe along the 
Staffe rilbyou may ſce with your cye the two objeRs 

the rwofights of your Crofſe-ſiaffe : and fo ſhall 
codon cut on the Staffe, ſhew the angle of their di- 
ſtance, if ithe aboye\30 degrees. | , | 1, 


And thus much, together with that which hath been 


-defore in Example I[11: will bee fafficient for. 
ke Apes ay «ſpecially ſeeing ſo many med 
haiye alceady written upon this Argument, 


Sok Dro gloria: 
A FINS. 


—— 


_—— —— 


The Tranſlator to the Reader. 


Gente Reader , by reaſon of my abſence, while this 
Booke Was in the Preſſe, it uno mervaile b 
[omle fawlts have eſcaped, whith you will be pleaſed 
to amend thus. . 

Pag. 3, (in. 1,the third circle p.8, lin. ult, ſo $$3.is0,75, 
pay. 14, lin. 14, 2.0413927 page 15, (in, x, the 
terme ofa progreſſion p. 16, /iv, 24, 10$173+; p4g-175 
lin. 17, the antecedent arme /in, 38, 4chap, pay. 18, 
lin, 19, terme given from pag. 19, /in.11, in 
circle pag. 20, {5#.19, lye hid. Asinthis /ix. 20, 
D ., rat,mul®=rinR::«,Z. 
lin, 28, and Rat, mul**1n Rein <— R ina 
lin. ult, and Rat, mul** in R—R, ins, 
ag. 21, {in.1, and Rat mul* in«—e, in R, 

And alſo in the Equations pag. 21, 24, 26, which hawe 
a magnitude 2quall to a frattion : the [ame magnitude to- 
gether with the note of equality,ought to be ſer right againſt 
the line that 14 bet meene the Numerater aud Denommator 


of the fraftion,as in theſe, Rae _ mn Rins — 


And = Rat. mul**in R—R , And ſo of the reſt.. 


209.24, lin.2 Rat. mul'®—1 inRins 

429042 11:5» Rat. mul=in D 

pag. 25, 45n,20, armeat 71352 : 

lin. 23,(for it is Rat, mul*— 1 in Rin) 

pag 36, lin. 16. Ratiocination pag. 29, /in, 29, number. 
figures 5 35, lin. 5, 6174 pag. 36, lin. 17, 

4312_« 174% , lin.n4, :: 1743 . 32:54 pag. 37, 

lin. 31, 311416, page 39, 168. 15, 339892* pag 41, lng, 

bn (= Mg: lin, 8, _—_— , . 

thereof pag. 45, liv. 1o, feet 5291175 . page 46, 113, 

more fide foure pag.5 $2 56,10, Clit veſle]. 

3 Þ4$-5 3» 


pay. 53, tin. 18, if falſe, why Jin.20, error? pag. 57, 
{in,14, common opinion is, that at London a Cylindrical 
lin, 28, 16,5_ pag.74,11n.28, the Summe, pag. 78,66, 
third bouſes* {n.28, Adde go degrees pag.79, tin.22, 
and the go® degree pag.82, lin.g, 26 pag g4,/in.21, 
n circle; or 90 degrees. pag. 95, (51. $4, angle D be ob- 
Tuſe, pag. 96,/in.4, figne+ /in.21,,q :Z 4X: pag.too, 
{in.3,and then the fide DC 7» the VIII diagramme of 
right-lined Triangles the leter A it wanting at the oy 
enler, And in the V1 the angleB onght to have been mar- 
ked with a little line, pag.113, { ark the delineation 
pag-137; lin. x, the ſanne goeth not under pag. 131, 
lin.19, in thepaper pag.132,/5n.10, tothetangent of 
the arch, pag. 134, 45, #/t. North or South dire in- 
clining : pag. 135, 4. 1, North or Sou. h dire@ re- 
clining. /:.8, either face of the Plaine looketh: p.143, - 
lin,z, In North reclining and South inclining pag. 144, 
bn.1g, inſtrument through the Pole of the Equinoaal, 
is one of. theſe three; pag 152, liv. 30, North dyal de- 
clining Eaſtward ; 5 degrees 


| Inthe Addirament of Navigation. 


pag.2, lin.1 1, for valure reade yalue pag.6, 1in,9, & 12, 
for ſigner reade fines pag.29,lin.20,21,24,for 45 read 48 
lin.20, for an halfe r-ade eight thouſanch parts & 
tin. 25, for min : 27_reade min: 2188 pag. 45,/in, 20 
pag. 47, lin 9,&28, pag 48, lin.17 & 21, for 895927 : 
read $61968 pag 47. 4in,wlt. for 2057 34, read 502734» 

_. 246000F. , | 
peg-xB,thre8, 458006 
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| Of Navization. 


and the other arme at 1 3/*53 inthe ffth circle, Then re- 


move the arme thar ſtood at x31853 , unto 567 degr : 
the greater Latitude , and the other arme, atthe ſame 
opening ſhall cut 4813 deg : which is the /eſer Latitude 
{ought for. TT : V4 


And if the two Latitndes be in the ſeverall Heafphipes, o 


that 14 one Northerne and the other Sextherne, tht matner 
of working differeth in effe but little from the former, As 
if the ſumone of the Sccants berweene theſe two heights 
of the Pole, viz. 615 on the North file of the e/Equine- 
fall, and 134 on the Somth fide bee defired, Ser one 
arme of the Index on the /ane of the Radins , and the 0- 
ther arme'on either of the Latitndes given,ſuppole on 615 - 
Then bring that arme on 615 unto che line of the Radins : 
and where the other arme, at that opening .chanceth ro 
light, there hold ic faſt: and open the arme that ſtan» 
deth on the line of the Rgdins , unto the other Latitude 
13:14 - Afterward bring thearme that ſtood on the for- 
mer Latitude 6,5 unto the line of the Radins , and the 
other arme, at the {ame opening, ſhall io the fifth cirole 
cut 20137, the ſumme of the ſecants ſought for. 


Taſtly, tbe ſwmme of all the Secants. berweens two La- 
titudes, of which one 1 0n the North fide of the eAquino- 
Hliall, aud the other on the South fide, being given ;, toge- 
ther with one of the Latitmdes, to find the other Latitude : 
As if the /wwme of the Secants bee 201937 and the Lati« 
rude degr : 655_. Setone of the armes of the Index at the 
lime of the Radins : & open the other arme unto 20537 in 
the th circle : and keeping the fame aperture, bring 
this latter arme unto the Latit: 614 : and where the 
former arme ſhall light,there hold ic faſt, drawing in the 
latter arme to the /ine of the Radzns, Laſtly with this new 

ing b. ing rhe other arme to the line of the radins:and . 
{ſhall you find 1314, the other Latirade ſought for, >. 


* 


54 
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Y Of AE avigation, 


OT” cron oo ret oe a 


 Ocxile peradventure you may more ea/(y find. aut the 
[umme of the Secants bytweene any we Latitndrs given, 
thus : Set the;edge of the Index upon one of the Lets- 
tudes : and looke what diviſion it cutteth inthe Sf 
circle : keepe it in mind, Againe,fer the edge of the 1n- 


.. dex upon the other of the Latirwdes : and looke what 
® divifion-it cutteth in the fifth cirele : keope that in- mind 


alſo. Theſe ewe xnmbers kept in mind are the ſnmmes of 
the Secants for the twe Latitndes given: Andareto bee 
ſabdulled one ont of the other, if = Latitudes are both in 
the ſame Hemiſphere : or elſe to be added togetber, of the 
Latitndes are w diverſe Henutſpheres. | 


Alfo in like manner, The ſumme of the Secants and one 
of the Latiendes being given, you may find ont the other La- 
tirude, this ;: Ser the edge of the Index upon the Lati- 
t#de given; ad looke what diviſion it cutteth in the 
fifth cxrele. To this number adde the [imme of the Secants, 
if the /eſſer of the two Latitudes be given : Or clſc our of 
it /abdut the ſumme of the Secants, if the greater of the 
two Latieuden bee given. Butif the rwo Latitmdes are m 
the contrary Hemiſpheres, the number found in the. f#b 
carcle is _ ſub ed out of the /amme of the Secants; 
And fo ſhall you have the other Laticnde, 


